Nuclear Spins and Moments

Gladys H. Fuller*

Office of Standard Reference Data, National Bureau of Standards, Washington, D.C. 20234

A summary of nuclear—moment values and an index, arranged by Z and A, is presented. The
summary value is based on the experimentally determined values of the nuclear moments which
have been listed in tables according to the techniques used. Each table is preceded by a short
introduction describing the experimental technique involved and the method of calculating the
moment from the measured quantities. References are given for all data quoted. The date for the
last systematic literature search is included with each table. This tabulation supplements and
revises the earlier tables which appeared in Nuclear Data Tables, Volume A5, 433-612 (1969).

Key words: Evaluated data; nuclear electric hexadecapole moments; nuclear electric quadrupole
moments; nuclear magnetic dipole moments; nuclear magnetic octupole moments; nuclear spins.
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1. General Introduction

Measured values of nuclear moments, and of some
of the auxiliary constants from which moment values
are derived, are listed in this compilation. Since the
auxiliary quantities determined by the various
experimental techniques available today are quite
different from each other, the experimental
information is divided into eleven tables, each
pertaining to a particular method or group of related
methods. This division makes it possible to include
information which is of interest to those concerned
with a particular technique as well as values of the
nuclear moments themselves.

*Guest worker.

Detailed descriptions of many of the methods have
been presented by Ramsey [53Ra34]f, Nierenberg
[57Ni25], Kopfermann [58K090], Laukien [58La04],
Townes [58To034], Cohen [59C083], and by several
authors in Methods of Experimental Physics, Volume
5, Nuclear Physics, Part B, edited by Yuan and Wu
(63Yu02) and in Hyperfine Interactions, edited by
Freeman and Frankel [67Frl5]. Brief introductions
outlining the particular techniques are given with the
individual tables.

In all tables, the values of the magnetic moments
have been adjusted to a standard value of the
magnetic moment of the proton by the compilers
using the experimentally determined quantities and
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836 GLADYS H. FULLER

adopted standard values of u, and frequency ratios.
An extensive discussion of the evaluation of the
fundamental constants is given by Taylor, Parker,
and Langenberg [69TaPa]l. The most recent
adjustment of the fundamental constants appears in
Cohen and Taylor [73CoTal.

The Summary of Nuclear Moment Values and
Index presents a list of the nuclear moments for all
nuclei for which measurements have been made and
serves as an index to the specific tables in which
more detailed information will be found. '

In preparation of the tables, all data available up to
the cutoff date listed in each table were reviewed.
Unless important for the determination of the sign of
a moment, older values have been omitted when
superseded by more accurate results.

The abbreviations used and policies adopted
concerning signs, standards, uncertainties, standard
values, and corrections are explained in tabular style
on the following pages.
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2. Policies

Level Energies

Energies, given to identify the levels for which moment information is presented, are taken

from the Nuclear Data Sheets (through Volume B5) or Table of Isotopes [67LeHo].

Half-lives

Half-lives which are given to identify the levels and which, in the case of Table J, are used

to compute u from values of wr, have been taken from Marelius [68Ma49], Nuclear Data
Sheets (through Volume B5), Table of Isotopes [67LeHo], or the author (in that order).

Signs The sign of the nuclear moment given is that actually measured by the experimenter. When
the sign cannot be determined, ““+” appears before the value.

Uncertainties

Uncertainties quoted for the measured quantities are those given by the experimenter. The

uncertainty in the last figure of a number is printed in italics immediately after the number.
For example, 0.745 25 means 0.745 £0.025.

[] Brackets enclose values of the nuclear spins for which there are no spectroscopic or

resonance measurements but which are assumed in order to calculate magnetic moments
from g—values. They have also been used to indicate the model-dependent values of Q, (1,
and Q, which are obtained by electron scattering.
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NUCLEAR SPINS AND MOMENTS 837
Parentheses enclose values measured by someone other than the author quoted.

Measured zero—spin values for even—even nuclei have been included in the tables.
Experiments which gave rise to the now—accepted concept of zero spin for all even—even
nuclei can be divided into two groups. The first group proves that the spins of several such
nuclei are definitely zero by the absence of alternating intensities in the observed spectra of
homonuclear diatomic molecules. The second group, which can only give an upper limit on
the interaction constants when no hyperfine splitting is observed, indicates either that the

spin is zero or that y (or Q) is very small. The spin values of zero determined by this second
group of experiments are marked by “¢* after the value.

K,=2.792776 3Inm. This result is obtained by averaging the values given by the experiments
of [51Jel0, 51S034, 55C036, and 56Tr19] which yield u directly in nuclear magnetons. This
leads to a value of u',, not corrected for atomic diamagnetism, of 2.79270 3 which has been
used throughout in the calculation of moments measured relative to that of the “proton in

samples of water. The uncertainties in the calculated magnetic moments do not include any
uncertainty in the value of u',.

y,lin rades™+T~1]x(1.043953 10)x10*=g [in nm]
py[in Bohr magnetons]x(1836.109 11)=p [in nm]
See [69TaPal.

Standard frequency ratios, v(A)/v,, which were used to calculate values of the magnetic
moments from relative measuréments, are given below. With the exception of the optical
pumping (OP) measurement for Hg, these ratios were determined by nuclear magnetic
resonance (NMR).

’H 0.153506091 2 %S¢ 0.24291623 10

"Li 0.388636181 8 0y 0.0997015% 10

B 0.3208377% 2 Mn 0.24789167 6

UN 0.07226261 1' BGe 0.03488401 14
%Na 0.26451775% 7 %Rb 0.096552095% 54
27A1 0.26056752 7 1271 0.200080% 14

#Cl1 0.09797858 5 "Hg 0.178788 15 (NMR)
®K 0.0466636% 7 0.1782706 3 (OP)
4K 0.02561295 12

tFrom a least squares adjustment of the g—factors for *H, "Li, and *Na with g ,=5.58540
fixed.

$Weighted average.

All magnetic moments are given with the diamagnetic correction, o, applied. To obtain the
corrected g— or u—value, the uncorrected value was multiplied by the factor, (1-a)pk, listed
in the table below for that element. These values, which are taken from Kopfermann [58K090]
p450, are based on calculations of Dickinson [50Dil0]. The uncertainty in the value of the
added correction is assumed to be 5%. New calculations, using Hartree—Fock relativistic
electron wave functions, show that the earlier values of ¢ are too small. Diamagnetic
correction factors for some closed shell and closed sub—shell ions can be found in Feiock and
Johnson [68Fe05]. Average correction factors for neutral atoms have been calculated by Lin,
Johnson and Feiock [72J018]. These values include the contribution of the closed—shell core
of the atoms and an average shielding factor for the valence electrons in the ground state
configuration. This average is made over the ground state multiplet assigning statistical
weights to the subshells. The diamagnetic correction factors do not include possible large
contributions for individual valence electrons. In view of these better, unpublished values,
which were received after most of the moments had been reevaluated, values of (1-0){}¢
based on the average neutral-atom diamagnetic correction factors of Lin, Johnson and Feiock

[72]J018] are included in the table below.
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838 GLADYS H. FULLER
Table of Diamagnetic Correction Factors
(1-0)px (1-0)1 e (1-0)px  (=o)py (1-o)px  (1-@)isr (-a)px  (I-0)ijs

JH  1.0000278% 1.00001775t sMn 1.00191 1.002077 oIn  1.00493 1.005994 W  1.00877 . 1.01340
,He 1.000060 100005994 »Fe  1.00202 1.002203 »Sn  1.00506 1.006203 =Re 1.00893 1.01382
Li  1.000101 1.0001048 7Co  1.00214 1.002332 2Sb  1.00520 1.006419 08 1.00909 1.01426
3 ) ’ ; Te 1.00534 1.006639

Be 1.000149 1.0001531 2sNi  1.00226 1.002468 s20 € L : »Ir  1.00925 1.01471
4 . . 1 1.00548 1.006861

B 1.000199 1.0002068 2Cu  1.00238 1.002611 53 »Pt  1.00942 1.01519
s ’ ’ Xe 1.00562 1.007092

C  1.000261 1.0002672 wZn  1.00250 1.002749 i€ L : wAu 1.00958 1.01567
¢ ) Cs 1.00576 1.007325

N  1.000325 1.0003332 1Ga  1.00262 1.002888 55 : Hg 1.00974 1.01612
7 : Ba 1.00590  1.007563 ®

O 1.000395 1.0004059 Ge 1.00274 1.003031 se0d L. : aTl 1.00992 1.01663
8 = oLa 1.00606  1.007810 !

JF  1.000464 1.0004844 aAs  1.00286 1.003177 «Pb 1.01008 1.01717

oNe  1.000547
uNa 1.000629
2Mg 1.000710
Al 1.000795
WSi 1.000881
P 1.000970

S 1.00106
=Cl  1.00115
wA 100124
WK 1.00133
»Ca 1.00142
»Se  1.00151
»Ti 1.00161
sV 1.00171

#Cr  1.00181

sCe  1.00620 1.008075

1.0005693 WSe  1.00297  1.003327 , oBi 10102 1.01772
1.0006495 <Br 1.00309  1.003479 wPr 1.00635  1.008341 wPo 1.0104  1.01829
1.0007322 oKr 1.00322  1.003635 wNd 1.00651  1.008615 At 1.0106  1.01889
1.0008172 +Rb 1.00334  1.003790 aPm 1.00666  1.008897 Rn  1.0107 1.01952
1.0009056 w5t 1.00346  1.003950 @Sm 1.00683  1.009188 oFr 10100  1.02016
1.0009975 Y  1.00359  1.004114 wFu 1.00698  1.009487 wRa 10111  1.02082
1.001093 UZr 100372 1.004282 “gs i'gg;g i‘ggzggz wAc 10112  1.02151
1.001191 Nb 1.00385  1.004456 “Dy 100746 101043 »Th 1.0114  1.02224
1.001204 oMo 1.00398  1.004633 “He 100762 101076 oPa 1.0116  1.0229%
1.001394 walc 1.00413 1.004815 wEr 1.00778 1.01110 90U 1.0117 1.0236%
1.001495 ~Ru 1.00427  1.005000 “Im 100794  1.01146 sNp 101193  1.0244%
1.001602 <Rh 1.00440  1.005194 ~Yb 1.00810  1.01183 WPu 10121  1.0251%
1.001716 <Pd 1.00454  1.005389 aLu 1.00827  1.01220 sAm 1.0122t  1.0258%
1.001834 wAg 1.00467 1.005586 »Hf 1.00844 1.01259 . sCm 1.0124% 1.0265%
1.001956 “Cd 1.00480  1.005789 »~Ta 1.00860  1.01298 Bk 1.0125%  1.0274%

+ For a spherical sample of water the factor is 1.0000260 [66My01]
t Value obtained by graphic extrapolation

Hyperfine—
structure
anomaly

Q-values

Compounds

Values of magnetic moments calculated from ratios of hyperfine—structure constants do not
include a hyperfine—structure anomaly correction. This correction can range from zero to
about 1% [70FuCo)]. Some authors include a 1% uncertainty in the value of the magnetic
moment to take account of this possible correction.

The value of the quadrupole moment given is that quoted by the experimenter. The
uncertainty may be as much as 50% or more because of the difficulties in estimating the
electric field inhomogeneity at the nucleus, arising from the molecular and electronic
environment, and the effect of the polarization of the electron core. Values marked by an
asterisk, *, indicate that the experimenter has made some Sternheimer or polarization
corrections in computing the moment. For papers on Sternheimer corrections for specific
atoms and ions, see [505t32, 515193, 54F028, 54St11, 565150, 57St39, 635122, 665123, 715t12,
715t44].

In general, standard chemical notation is used with the exception of using an italicized
number for the waters of crystallization and an italicized chemical symbol for an element
which is replaced in a doped material. Some specific abbreviations have been used for the
following compounds:

CMN - cerium magnesium nitrate

NES — neodymium ethyl sulphate

xIG — x iron garnet.

3. Abbreviations

ashta—, 10*'® an abbreviation of the Sanskrit for eighteen
atomic beam magnetic resonance

atto—, 1071®

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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NUCLEAR SPINS AND MOMENTS 839

magnetic dipole interaction constant, given in MHz; cm™ respectively. See introduction to Table
F, equation (2) for definition of a.

resonance magnetic field for strobescopic observation of perturbed angular correlation

electric quadrupole interaction constant, given in MHz. See introduction to Table F, equation (3)
for definition of b.

Coulomb excitation
cerium magnesium nitrate, Ce,Mg,(NO,),,*24H,0

magnetic octupole interaction constant, given in MHz. See introduction to Table F, equation (4)
for definition of c.

optical double resonance

day

electron—nuclear double resonance

electric quadrupole coupling constant
Note: This quantity has the dimensions of energy. However, in microwave and radiofrequency
experiments it is customary to refer to it in units of MHz and in atomic spectra experiments,
in units of cm™'. To obtain proper energy units one should multiply the given values by k or
hc, respectively. '

electric hexadecapole interaction constant
Note: This quantity, which is an energy difference, is expressed for convenience in units of
MHz in radiofrequency experiments. It is understood that one must multiply the values given
by h to convert to energy units.

total atomic angular momentum, F=I+]J

Fermi, 10 %cm

femto—, 10715

giga—, 10*°

angular correlation attenuation coefficients

nuclear g—factor, u/l

electronic g—factor of the atom, u ;/J

electronic spin g—factor

ground state

magnetic field strength. In most of the tables H has been given in gauss. The SI (Systéme
International) unit for the magnetic field, the tesla, corresponds to 10* gauss

external or applied magnetic field
hyperfine magnetic field

internal or effective magnetic field at the nucleus

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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H,, magnetic field at resonance

h hour

hfs hyperfine structure

I nuclear angular momentum or spin

J- jitu—, 10*®, from the Swabhili for giant

J total electronic angular momentum

K Knight shift correction

k- kilo—, 10*?

k Boltzmann constant, (1.38062 6)x1072J/°K [69TaPa]

LX level crossing

M- mega—, 10*°

M,, quadrupole matrix element for the 2+ state, <2+|ME2|2+>

m— milli—, 107

m minute

mm, magnetic quantum number, projection on H of I and J, respectively

NES neodymium ethyl sulphate, Nd(C,H;S0,);*9H,0

NMR nuclear magnetic resonance

n- nano—, 107°

nm nuclear magneton

oP optical pumping

PP P electric quadrupole interaction constants, given in cm™' in paramagnetic resonance
measurements

p— pico—, 107%

Q.

(2 rot

J. Phys.

nuclear electric quadrupole moment
This quantity exists only for nuclei with I=1 and is defined by

eQ=[pr’(3 cos’d — IdV

where p is the nuclear charge density, and r and 6 are the radial and polar coordinates of a
volume element, dV, referred to the nuclear center and axis of symmetry.

intrinsic quadrupole moment

rotational quadrupole moment

Chem. Ref. Data, Vol. 5, No. 4, 1976
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nuclear electric hexadecapole moment
This quantity exists only for nuclei with /=2 and is defined by

eQ,=[pr*(35 cos*® — 30 cos?f + 3)dV

where p is the nuclear charge density, and r and 6 are the radial and polar coordinates of a
volume element, dV, referred to the nuclear center and axis of symmetry.

—dE 43z, the first derivative, evaluated at the nucleus, of the electric field along the axis of the
molecule or atom

k—63EZ/623, the third derivative, evaluated at the nucleus, of the electric field along the axis of
the molecule or atom

spin exchange

second

tera—, 1012

temperature

repetition period for stroboscopic measurements

half-life

mean time of observation

magnetic field attenuation coefficient, defined in terms of the G's [62Go017]
x iron garnet, Fe,x3*(Si0,),

year

paramagnetic correction factor, H=8H

gyromagnetic ratio of the proton, y =@ o/ H=4mp,/h

energy splitting at low temperature, A=guH/k |

total angular shift for static and transient fields, Af=['wdt'=wr+¢,
micro—, 107¢

nuclear magnetic dipole moment
This quantity exists only for nuclei with I=1/2 and is defined by

p=—fr cosf divM dV

where M is the total magnetic moment density due to the currents and spins in the nucleus,
and r and @ are the radial and polar coordinates of a volume element, dV, referred to the
nuclear center and axis of symmetry.

Bohr magneton, he/4mm, c=(9.27410 6)10 *J+T ' [69TaPa]

ratio of Bohr magneton to nuclear magneton, ug/uy = M, /m,=1836.109 11[69TaPa]

nuclear magneton, he/4mM ,c=(5.05095 5)X107¥J-T'[69TaPa]

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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©y electronic magnetic moment

v resonant frequency, AE/h; w27

Av hyperfine—structure splitting
This quantity in rf resonance literature is defined as Av=AW/h in units of Hertz where AW is
the energy separation between adjacent F—states in the absence of an external field. In optical
spectroscopy it is defined by Av=AW/hc in cm '(Kaysers).

o diamagnetic correction factor, see Policies.

T mean life, T, = 7ln 2 = 0.6937

T, collision life—time, 7,=mean free path/ recoil velocity

é, total transient—field angular shift

Q nuclear magnetic octupole moment
This quantity exists only for nuclei with I=3/2 and is defined by

Q=(1/2)fr}(5cos*#—3cosB)divM dV,

where M is the total magnetic moment density due to the currents and spins in the nucleus
and r and 6 are the radial and polar coordinates of a volume element, dV, referred to the
nuclear center and axis of symmetry.

@, 0 4rmor Larmor angular precession frequency, 2nuH/hI or 2agHuy/h

w, quadrupole resonance angular frequency, w,=[3/41(2I-1)Jw ,, for integer I and w,=[3/21(2]-1)]w 4

for half-integer [

o, quadrupole interaction frequency, w =2meqQ/h

wT angular shift of the angular correlation or distribution in the presence of a magnetic field

©, @y, ratio of the nuclear magnetic resonance frequency of the proton to the cyclotron frequency of the

proton

This ratio is equal to the value of the magnetic moment of the proton in the nuclear
magnetons.

o fo,

In this table, a value is given for every nuclear
moment for which a measured value has been

4. Summary of Nuclear
Moment Values and Index

ratio of the cyclotron frequency of a free electron to the nuclear magnetic resonance frequency
of the proton
The reciprocal of this ratio is equal to the value of the proton magnetic moment in Bohr
magnetons.

index also forms a code for the techniques by which
moment information has been obtained.

In arriving at summary values of magnetic
moments there has been no attempt to average all
Introduction existing results since the spread of values is not
always due to statistical fluctuations but often
depends on the circumstances of the measurements.

Certain techniques give more reliable results. These

tabulated in the separate tables. The index letter,
under the column headed ‘Index’, indicates the table
in which the measured moment values and auxiliary
quantities will be found. Since the individual tables
list data for a particular measuring technique, the

J. Phys. Chem. Ref. Dataq, Vol. 5, No. 4, 1976
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ENDOR using materials for which the paramag-
netic shielding is small (paramagnet-
ic shielding)

oP (configuration mixing)

NMR using the most ionic materials or ex-

trapolating to zero density or concen-
tration (chemical shifts, Knight shifts
for metals)

When the quoted experimental uncertainties and
the differences between quoted values are of the
same order to magnitude, a weighted average was
made:

n
A= 3 e(A)]3 e,

where ¢, is the quoted uncertainty in the quantity 4,.
The uncertainty in the value 4 was then taken as the
larger of the internal or external error:

— -2 \-1/2
€internal — ( zi €; ) s

Conorn = [(% e (A, = ") [ (n - D 2 e )",

The arithmetic average, with an uncertainty given by
one standard deviation, was used when the quoted
uncertainties in the individual measurements are
smaller than (= or < 1/10) the differences between
the quoted values.

No attempt has been made to estimate
uncertainties chemical shifts or
configuration mixing. Although these could be as
large as 1%, most are of the order of 0.01% or less.
No uncertainty is assumed for u,. In the summary
table the uncertainty is in the last significant figure.

arising from

The values quoted include the diamagnetic correction
which is also tabulated.

For several nuclei the pu—values obtained by two
different methods are very consistent but large
discrepancies exist between the two sets of values,
for example between NMR and OP measurements.
Both values are now listed and footnoted. For most
purposes, an arithmetic average of the two values
could be used. For relative NMR measurements, the
NMR-value would give a better measure of the
effective moment. (It is interesting to note that the
discrepancy between the NMR and OP magnetic
moment values for the II-B elements, Zn, Cd, Hg,
varies almost linearly with Z.)

It is not simple to estimate the accuracy of a
particular quadrupole moment because the value of a
quadrupole moment derived from an interaction
constant depends upon the assumptions made

concerning the electronic configurations, the
Sternheimer effect or polarization of the electron
distribution by a nonspherical nuclear charge
distribution (nuclear quadrupole moment), and the
molecular binding. Uncertainties, arising from
incomplete knowledge of the molecular binding, may
be as large as 50%. Corrections for polarization
effects can be of the order of 10~20%, although some
have been calculated to be as large as 50%, for
example for the 3d configuration of Sc. To obtain the
summary value, an average of the data for a
particular isotope of an element has been made. This
average value is indicated by a superscript “s”’. The
values of the quadrupole moment of the other
isotopes of that element, marked by a superscript
“r”, were calculated using this average and the more
accurately determined quadrupole moment ratios.

Magnetic octupole and electric hexadecapole
moments have also been included in the summary
list.

A few values of Q, Q, Q, have been tabulated
which have been derived from electron—scattering
experiments. These are model-dependent and are

indicated by brackets, [ ], surrounding the value.

Explanation of the Summary Table

Nucleus Chemical symbol with Z—, 4—, and N—numbers

Level The energy of the nuclear level, in keV, given to identify the level for which nuclear moment
information is presented
Values have been taken from the Nuclear Data Sheets (through B5), Table of Isotopes [67LeHo] or
the experimenter’s quoted value.
Ty, The half-life of the radioactive nucleus or excited level

Values have been taken from Marelius [68Ma49], Nuclear Data Sheets (through B5), Table of
Isotopes [67LeHo] or the experimenter's value.

See Abbreviations for definitions of prefix—symbols used with units.

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976
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Nuclear spin or angular momentum in units of h/2m
Values enclosed in brackets, [ ], were not determined by spectroscopic or resonance
measurements but were assumed in order to interpret data.

Nuclear magnetic moments in nuclear magnetons, with diamagnetic correction
When ratios are given, the level-energy of the reference isotope, in keV, is indicated by a
subscript.

The diamagnetic correction which was added to the last significant figure of the uncorrected magnetic
dipole moment to get the value quoted in the previous column
For example, for Li®, p=pt  comeceat Diam. corr. = +0.82195 + 0.00008 = +0.82203

Nuclear electric quadrupole moment in barns
Values marked by “s”’are averages of the Q—values listed in the individual tables.

Those marked by ‘“r” have been calculated by use of Q* and measured Q—ratios.
Values marked by “*”” include polarization or Sternheimer corrections.

Values enclosed in brackets, [ ], are derived from electron—scattering experiments and are model—
dependent.

When two values of Q are listed, the first refers to the value determined by Coulomb excitation
reorientation assuming constructive interference and the second, destructive interference of the
matrix elements.

When ratios are given, the level—energy of the reference isotope, in keV, is indicated by a
subscript.

Nuclear magnetic octupole moment in nm—barns
Values enclosed in brackets, [ ], are derived from electron—scattering experiments and are model-
dependent.

Nuclear electric hexadecapole moment in barns?®

Directory to tables in which will be found the experimentally determined values on which the
Summary Values are based.

Table A: Neutron, Proton, and Anti—Proton Moments

Table B: Nuclear Moments by Paramagnetic Resonance

Table C: Nuclear Moments by Microwave Spectroscopy

Table D: Nuclear Moments by Quadrupole Resonance

Table E: Nuclear Moments by Nuclear Magnetic Resonance
Table F: Nuclear Moments by Atomic and Molecular Beams

Table G: Nuclear Moments by Optical Spectroscopy

Table H: Nuclear Moments by Optical Double Resonance and Pumping Techniques

Table I: Nuclear Moments by Méssbauer Spectroscopy ¥ '

Table J: Nuclear Moments by Nuclear Orientation, Perturbed Angular Correlations, and
Nuclear Specific Heat Measurements

Table K: Nuclear Moments by Coulomb Excitation Reorientation and Other Techniques

 For early data see [69FuCo]. See J. Stevens. J. Phys. Chem. Ref. Data 5, 1093 (1976). for recent data and evaluation.
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Summary of Nuclear Moment Values and Index

Nucleus | Level | T, I u Diam. o Q [ Index
(keV) (h]2m) (nm)  |Corr. (b) (nmb) | (bD)

o, 12m 1/2 -1.91312 A

:ﬁo -1.8 A

H, 1/2 +2.79278° | 8 A B F GH

’H, 1 +0.85742 | 2 +0.0028 EF GH

H, 12y 1/2 +2.9789 1 EF GH

He, 1/2 -2.1276 1 EF GH

‘He; 1/2 F H

;He2 0 G

“He, 0.8s 0¢ F

SLi, 1 +0.82203 | 8 -0.0008* EF H

SLij 1 H

iLi, 3/2 +3.25636 | 33 | -0.045 [+0.09] EF GH K
SLig 0.8s 2 +1.6532 2 E H ]
*Be, 3/2 ~1.17745 | 18 | +0.05 [~0.04] EF K
B, 770ms | (2] +1.0355° | 2 E J
1B, 3 +1.8006 4 +0.085%"  [<%0.03] CDETF J K
B, 720 | 0.7ns (1] +0.6 J
1B, ‘ 3/2 +2.6885 5 +0.041%%  [+0.08] CDEF J K
s’B, 20.4ms| 1 +1.0028°* +0.018 E J
;N 19ms [3/2] +3.1771% +0.05 E J
¢'Cs 2lm | 3/2 (=2)0.99 (+7)0.031+ F

JC, 0 G

3¢, 172 +0.7024 2 EF G

s, 5.6ky | 0 G

PN, 12ms 1 +0.457 E ]
PN, 10m 1/2 +0.3221 1 F

PN, 1 +0.40375 | 13 |+0.01 C EF GH

PN, 5830 | 12.4ps | [3] +1.5to 2.6 ]
1N, 1/2 -0.2831 1 EF GCH

$°0, 2.1m 1/2 +0.7189 3 F

220, 0 G

a0, 5/2 --1.8937 7 -0.026% B C E

5010 0 c

220, 1980 | 3.3ps (2] +0.4 to0 0.7 J

3 F, 66s (5/2] +4.722 2 E J
S°F, 1125 | 153ns | [5] +2.85 J

3 F o 1/2 +2.6288 12 B C EF GCH

o Flo 197 | 89ns {5/2] +3.60 *0.11° J
2F, 11s [21 +2.094 1 +0.06" E J
1oNeg 18s 1/2 -1.887 1 F

1oNeg | 238 | 17.7ns | [5/2) -0.74 J
ToNe,q 0¢ F G

1oNey, | 1630 | 0.7ps (2] -0.25 K
1iNe 3/2 -0.66176 | 36 | +0.09 F G

22

ToNe L, 0 G

12Ne,, |1275 | 3ps 2 -0.21 K
1Ne,, 38s [5/2] -1.08 F
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, I m Diam. Q Q Q. Index
(keV) (h/2m) (nm) Corr. -(b) (mmb)| Y
#%Na, 408ms | 2 +0.369
iNa,, 23s 3/2 +2.3861 15 F
¥Na,, 2.6y 3 +1.746 1 F
1iNa, | 583 | 243ns | [1] +0.55
*Na,, 3/2 +2.21740° | 139 | +0.10+ EFG
(+2.21755)
iNa,, 15h 4 +1.690 1 F
gMglz 0¢ G
Mg, | 1368 | 1ps [21 -0.27
Mg, 5/2 -0.8554 6 +0.22 EF G
?gMg“ 0¢ G
2TAL,, 5/2 +3.6413 20 | +0.15%*  [*0.3] EF G
16514 0¢ C E
1eSi, | 1779 | 0.5ps | [2] +0.17
2%y 1/2 -0.55526 | 49 C E
13Sis 0¢ c
P 4.2s {1/2] +1.235 1 E
P 2.6m 1 F
1 2 1/2 +1.1317 11 C EF G
P, 14d 1 -0.2523 2
1651 0 G
15516 2237 | 0.25ps | [2] -0.2
I 3/2 +0.6435 7 -0.055° C E
16518 0¢ c
1St 87d 3/2 +1.00 or +0.038" c
-1.07
1652 0¢ c
3501, 3/2 +0.82181 | 94 | -0.10«°  —0.016+° CDEF
15Cly, 0.3My | 2 +1.2853 14 | -0.021*" C E
31c,, 3/2 +0.68407 | 78 | —-0.079+"  —0.013+° C E F
1A, 1.8s [3/2) +0.632¢ F
::Arll 0+ G
3%Ar,, | 1980 | ? (21 +0.11
YeAry, 34d 3/2 +0.95 G
YiAr, | 1610 | 4.5n8 | [7/2] -1.33
::Arzo 0¢ G
1eAr, 265y 7/2 -1.3 G
::A"zz 0¢ . G
49Ar, | 1460 | 0.8ps | [2] ~0
3K 1 245ms | 2 +0.548 1
YK 1.2s 3/2 +0.2032 3
13K | 1380 | 10.5ns | [7/2] +5.2
3Ky 7.7Tm | 3 +1.374 2 F
3K m 3/2 +0.39143' ! 52 | +0.049+° EF G
(+0.39147)
4K, 1.3Gy | 4 -1.2981 17 | —0.061%* F
1K, 3/2 (+0.21487)' | 28 | +0.060" E F
16K 1290 | 7.3ns | [7/2) +4.41
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, I m Diam. Q Q 0, Index
(keV) (h/2m) (nm) Corr. (b) (nmb)| (b}

15K, 12h 2 -1.1424 15 F

15K 22h 3/2 +0.163 F

19K 56 20m 3/2 +0.1734 2 F

20Cag 0 G

30Ca,, | 3740 | 4lps (3} +0.4° J
toCay, | 4490 | 272ps | [5] +1.6° 1
10Cay, 110ky | 7/2 -1.5946 23 E

32Ca,, | 3190 | 5.5ns (6] -2.8 J
3oCayy 712 -1.3172 19 | <x0.2 EF GH

$1Scy 0.59s [7/2} +5.43° 1 E J
335¢,, 3.%h 772 +4.62 1 -0.26" F

38cy, | 3123 | 450ms | [19/2) +3.14 J
31Scy, 3.9h 2 +2.56 +0.11° F

31Scy | 69 153ns | [1} +0.34 +0.18+* J
21Scy | 270 | 2.4d 6 +3.88 1 -0.20" F ]
235¢,, 772 +4.7559 72 | -0.22° EF G

13ScCys 84d 4 +3.03 +0.12° F

1Scye 3.4d 772 +5.34 1 -0.22" F

$1Scy | 767 | 274ns | [3/2] +0.35 ]
$3Scy, 1.8d 6 F

23Tis 3.1h 72 +0.095 ~+0.02" F

©/Q positive

35Ti,, | 889 | 7ps 12 -0.2 K
33Ty 5/2 -0.78846 | 127 |+0.29° B EF

23Ti,e | 983 | 3.6ps | [2] -0.20 K
39Tig, 72 -1.10414 | 177 | +0.24 B EF

S9Ti, | 1550 | 1ps 2] ~0 K
A 3lm 3/2 F

4 16d 4 £1.6 F

Vs 306 | 7.09ns| [2] +0.38

9V 330d 72 +4.5° B

Vo >40ly | 6 +3.3470 57 | £0.06 B E

33V 712 +5.1485 88 | -0.05° B EF G

53V | 320 | 173ps | [5/2] +4.0 J
34Cry 42m 5/2 +0.476 1 F

seCry | 783 | B.4ps | [2) -0.3 K
54Cryy 28d 7/2 +0.934 2 F

3:Cry; | 749 | 7.5ns | [3/2] *1.1 J
S3Cry | 1434 | 0.90ps| [2] [-0.08] K
$3Crg 3/2 -0.4735% | 9 +0.03 B E F H K

(~0.4744)

3Cry, | 834 | 8.9ps | [2] -0.1 K
5sMn g 45m 5/2 +3.56" F

5eMny, 5.7d 6 +3.059° 6 +0.6" B E F ]
3:Mny, | 383 | 2Im 2 +0.0076 F

SiMn,, 2My 712 +5.02F 1 B

34Mn,, 312d 3 +3.278% 6 +0.4° B E I
3:Mny, 5/2 +3.449F 7 +0.45 B C EF GH

(+3.4680) 66
yeMny, 2.6h 3 +3.223° 6 F J
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GLADYS H. FULLER

Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, 1 ® Diam. Q Q Q. Index
(ke V) (h/2m) (nm)  |Corr. (b) (nmb) | (bD)

SeFe,, | 1408 | 1.0ps [2] +2.9 J
SiFeg | 2950 | 1.22ns | [6] +8.2 J
SeFey, | 847 6.9ps (2] +1.2 -0.26 J
SiFe,, 1/2 +0.09042% | 18 EF

(+0.09060)
3eFe,, | 14.4 | ~10ns | [3/2] -0.1550 3 +0.19+
*tFe;, | 136 | 8.8ns [5/2] +0.92 i)
SeFe, | 367 | 7ps [3/2] <0.5 I
SeFeq, | 707 | 3ps [5/2] <=1 J
SeFes, | 811 | 6.4ps [2] +1.1 J
seFe., 45d 3/2 *1.1 F J
35Co,, 18h [7/2) *4.5 J
>3Cog 77d 4 +3.83 1
$1Co4 270d 7/2 +4.72 1 +0.5" E J
3ICo, | 1378 | 19.4ps | [3/2] +3 J
S3Coy, 71.3d 2 +4.04 1 +0.2" E ]
S3%Co,, | 54 10.2us | [4] +4.18 J
$3Coy, 7/2 +4.616 10 |+0.38° E F
51Co, | 1292 | s6d4ps | [3/2] +1.8 J
$9Co,, 5.26y 5 +3.79 1 +0.47 E J
$%Co,, | 58 10.5m | 2 +4.4 +0.3" F
SeNig, | 1450 | 0.67ps | [2] -0.14
SeNi,, | 1330 | 0.80ps | [2] [-0.10]
$aNi,, 3/2 -0.7498 17 |+0.16% E F
$sNiy; | 68 5.2ns (5/2] +0.42
SaNiy, | 1170 | 1.57ps | (2] +0.2
Ni,, | 87.2 | 1.72us | [5/2] +0.752°% J
$eNiy | 1350 | 0.78ps | (2} +0.3
$oCu,, 24m 2 +1.219 3 F
55Cu s, 3.3h 3/2 +2.13 F
$3Cuy, 9.9m 1 -0.380 1 F
SaCu,, | 41 4.80ns | [2] +1.3 J
$2Cuy, | 390 | 11.5ns | [3] £1.9 J
S3Cusy, 3/2 +2.2228' | 53 | -0.211%" EF

(+2.2262)
84Cu,, 13h 1 -0.216 F
8aCuys | 1590 | 20.4ns | (6] +1.04 J
$5Cu 3/2 +2.3812" 57 | -0.195+% E F

(+2.3849)
25Cu,, 5.2m 1 -0.281 1 F
59Cuy, | 1154 | 596ns | [6] +1.04 J
$37ny, 38m 3/2 -0.2816 7 +0.29"
ggz"u 0¢
$eZn,, | 992 2.7ps 21 [-0.14]
$5Zny 245d 5/2 +0.7692 19 | -0.024"
30203 0¢
$iZng 5/2 +0.87524% | 218 |+0.16° E F

(+0.8756) 22
$eZng, | 185 | 1.0lns | [3/2] +0.4 J
817n,, | 605 | 340ns | [9/2] -1.09 I
ggz"a& 0¢
Zng | 884 | 3ps 2] [-0.2]
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Summary of Nuclear Moment Values and Index — Continued
Nucleus |[Level | T,y 1 m Diam. Q Q Q. Index
(keV) (hf2m) (nm)  [Corr. ®) (mmb) | (%
%Gay 9.5h 0¢ F
$1Cas, 78h 3/2 +1.849" 5 +0.22° F
%Cay, 68m 1 +0.0117 +0.031" F
Gay, 3/2 +2.0145° | 53 |+0.19° +0.14 CDETFG
(+2.0161)
;‘;Ca” 21m 1 F
NGay, 3/2 +2.5597" 67 | +0.127 +0.18 CDETFG
(+2.5617)
1Ga,, 14h 3 -0.1321" 3 +0.59" F
$1Gey, | 734 | 70ns [9/2] ~0.94 010%5,=1.22 J
53Gey 38h 5/2 +0.73 £0.03" F
n/Q positive

$3Ge,, | 398 | 3us [9/2] ~1.001 3 J
19Ge 0¢ C
1Gey, | 1040 | 1.3ps | [2] +1.8 ~0 J K
13Gesg 11d 1/2 +0.546 1 F
13Gey | 175 | 79ns (5/2] +1.02 0/0Q5+,=0.22
13Gey | 198 | 20.2ms| [9/2] —~1.040 3 0.3
2Gey 0¢ C
12Geyn | 835 | 3.14ps| [2] +1.2 J
3Gey, 9/2 -0.87918 | 240 |-0.18 C E F
12Ges 0¢ C
13Ge,, | 596 | 12ps 21 +0.9 ~0 J K
13Cey 82m 1/2 +0.51 F
8Ge,, 0¢ C
1%Ge,, | 563 | 17.6ps| [2] +0.7 -0.2;~0 J K
As,, 55m 4 F
A8y, 26h 2 +2.2 F
A8y, | 215 | 80ns (3] +1.58 ]
BAs,, | 669 | 5.0ns | [5/2) +1.6 J
As, | 427 | 5.8us | [9/2] +5.21 1 E J
WAs,, | 274 | 26.8ns| [3] +2.43 1 J
15As,, 3/2 +1.439 4 +0.29 BCDETFGC
BAs, | 265 | 11.9ps| [3/2] +1.0 J
15As, | 280 | 0.28ns| [5/2) +0.9 J
A8 26h 2 -0.905 2 +78 B F
TeAs, | 45 2.60us| [1] +0.559 1 ]
1As, | 473 | 1l6us | [9/2] +5.52 1 J
14Se4 0¢ C
1:Seq 120d 5/2 +1.0° C
TeSeq 04 C G
1Seq | 559 | 1l.1ps| [2] +0.8 ]
1iSeq 1/2 +0.534 1 C E G
118eu | 249 | 9.4ns [5/2] +1.2 J
1iSeq | 440 | 24ps [5/2} +1.0 J
1eSe., 0 C G
1Se, | 614 | 8.6ps 21 +0.8 J
1iSe,s 60ky 772 ~1.02 +0.8% C
80Se 0 C G
2%e, | 666 | 8.05ps| [2] +0.8 1
82Se 0¢ C G
33Sen | 655 | 11.3ps| (2] +0.9 3
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850 GLADYS H. FULLER
Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, I m Diam. (0] Q [ Index
(keV) (h/27) (nm)  |Corr. (b) (nmb)| (b}
1sBr,, 17h 1 +0.548 2 +0.30+ F
©/Q negative
1Br, 58h 3/2 F
Bry | 181 | 100us | [4] +4.11 1 E
%Br,, 3/2 +2.1055 65 | +0.37+%  +0.09+ EF G
26Br,g 18m 1 +0.514 2 *0.22%" F
nlQ positive
29Bry, | 85 4.5h 5 +1.317 4 +0.84+" F
9iBry 3/2 +2.2696 70 | +0.31%"  +0.10%" EF G
3iBry | 540 | 35us [9/2] +5.77 2 E
4%Br,, 36h 5 +1.626 5 +0.84%" F
1eKr,, | 148 | 77.7ns| [5/2) +1.12
SKry 0¢ G
¥Kry 9/2 -0.9703 31 | +0.26° -0.18 EF G
SeKr,, | 9.3 143ns | [7/2] -1.8 +0.44°
2eKrg 0¢ G
2eKr,, ly 9/2 +1.005 3 +0.43" F G
SKry 0¢ G
$1Rb,, 4.7h 3/2 +2.05 F
SRb,, | 85 32m 9/2 F
S7Rb, | 30 6.3h 5 +1.643 6 F
S*Rb,, 83d 5/2 +1.42 F
8Rb,, 33d 2 -1.32 F
33Rb g 5/2 +1.3524% | 45 [ +0.26*° EF G
(+1.3527)
$eRb,, 19d 2 ~1.691 6 F
S7Rbg, 47Gy 3/2 +2.7500% | 92 | +0.13%" EF G
(+2.7506)

23Rbg, 18m 2 +0.51 F
6T 0¢ G
SSry | ? 460ns | [8] -1.9
TN 9/2 -1.093 4 +0.3 EF G
ggs"so 0¢ G
Y 243 | 28.5ns | [2] -1.06
Y, 1/2 -0.13733 | 49 EF G
44 N 64h 2 -1.63 1 -0.15 F
5Y., 58d 1/2 £0.164 1 F
S5Zrg, | 3590 | 130ns | [8] +10.8
g, 5/2 -1.3028 48 E G
SvZry, | >2265 29.0ns | [15/2] +5.3
SiNbg, | 2378 | 10.0ns | [17/2] +10.6
$3Nb,, 9/2 +6.167 24 | -0.22 E G
9Nb,, 35d [9/2] +6.3
12Mog, 0¢ ¢
Mo, | 2761 | 190ns | [8] +11.2
Z;Mosz 0¢ G
Mo, | 2953 | 97.7ns | [8] +10.5
Moy, 5/2 -0.9135 36 | =0.12 E G
Mo, | 204 | 760ps | [3/2] -0.4
=:M°54 0¢ G
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, I n Diam. Q Q (o Index
(keV) (hj27) (nm) Corr. (b) (nmb)| (D

SiMog, 5/2 -0.9327 37 | =11 B E G

S9Moy, 0+ G

%Mo, | 787 .| 3.5ps [2] +0.7 J
Mo, 0¢ G
™Mol 536 10ps (2 +0.7 ]
2iTeg, 4.3d 6 +4.6 E J
Teg, 210ky | 9/2 +5.681 23 [ +0.3 B E G

Teg | 141 | 192ps | [7/2] +5 J
99Tc,, | 181 | 3.59ns | [5/2] +3.3 1
3%Ru,, | 654 | 5.9ps [2] +0.8 J
S°Ru 5/2 -0.62 |Q/Q65|<0.3 B G 1]
%%Rug; | 90 20.7ns | 3/2 -0.28 =+0.1 1]
19%Rug | 540 | 11.9ps | [2] +1.0 J
2 'Rug, 5/2 -0.68 B G

wW'Rug, | 127 | 550ps | [3/2] -0.31 J
WRug | 475 17.6ps | [2] +0.74 J
PRug | 358 | 58ps (2] +0.8 I
\%Rh, | 74.8 | 215ns | (2] +4.32 2 J
Y Rhg, 1/2 -0.0883 4 E G

PRhg, | 93 1.13ns | [9/2] +6.2 I
iBRh, | 298 | 6.3ps | [3/2] +1° J
1°Rhy | 360 | 59ps [5/2] +1.2° 1
wW'Pdg | 556 | 9.7ps (2] +0.7 -0.3;~0 J K
wWPd 5/2 -0.642 3 +0.8 EF G

15Pdg, | 512 | 12.7ps| [2] +0.73 -0.5;-0.3 J K
105Pd,, | 1128 | 2.5ps [2] +0.7 ]
' Pdg, | 434 | 23.8ps| [2] +0.77 -0.6;-0.4 J K
w'Pdg | 374 | 458ps| [2] +0.70 -0.3 I K
Ags, 9m 9/2 F

:22Ag55 13m 5 F

Ag | ? 7m 2 +4.2 F

A 66m 772 +4.45° F

Ags, 1.2h 5 +4.0 F

SAgs, | ~20 | 27m 2 +3.7 F

WP Ags 40d 1/2 +0.101 F

WA gs 24m 1 +2.9 F

1%Ag,, | ~300| 8.3d 6 F

1WAge 1/2 -0.1135 5 EF G

VAge | 325 | 5.9ps (3/2] +0.7 J
S Age | 423 | 34ps [5/2] +0.9 J
A 2.4m 1 +2.80 1 F

9 Age 1/2 -0.1305 6 EF G

Ag,, | 88 40s 7/2 +4.3 F

%A, | 309 | 5.2ps | [3/2] +0.9 J
A PAge | 414 | 33ps [5/2] +0.9 J
wlAgg, 24.4s 1 +2.72 1 E F J
WPAg | 116 | 253d 6 +3.604 17 B F J
i AZ | 7.5d 1/2 -0.145 1 F

OAges 3.2h 2 +0.054 F

AR 5.3h 1/2 +0.159 1 F
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GLADYS H. FULLER

Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, 1 n Diam. o Q [ Index
(keV) (h{2m) (nm) Corr. (b) (nmb) R

$Cdy, 55m 5/2 ~0.738 4 +0.43"

°Cdg| 633 | 6ps (21 -0.8

wiCd,, 6.7h 5/2 -0.61443% | 294 | +0.68"

18Cdg,! 633 | 5ps 2] -0.8

5cdy, 470d 5/2 -0.82701% | 395 | +0.69°

19%Cd,, | 469 | 8.9us | [11/2 -1.10 1

4s°Cdg, 04

+°Cdg, | 656 | 5.0ps | [2] +0.7 -0.5;~0.3"

15 Cdgy 1/2 -0.59428° | 284 E F
(—0.59500)

wCd | 247 | 84ns [5/21 -0.793 4 +1

1 Cdg | 397 | 49m 11/2 -1.1040 53 | —0.85°

43 Cdg, 0¢

wCdg, | 617 | 6.2ps | [2] +0.7 -0.2

16°Cdg >3]y 1/2 -0.62167¢ | 297 E F
(~0.62245)

Cde | 265 | 14y 11/2 -1.0871¢ | 52 | -0.71"

se'Cdg 06

16'Cdg | 558 | 9.0ps | [2 +0.8 -0.32

16°Cdg 2.3d 1/2 -0.6478¢ | 31

+5°Cd, | 180 | 43d 11/2 -1.0400* | 50 |-0.55"

4s°Cd g 0¢

1°Cdg | 513 | 13.7ps| [2} +0.8 -0.9*

1 ¥Ing, 4.3h 9/2 +5.53 3 +0.85" F

w'Ing 66m 2 +4.36 2 +0.36" F

wWing, | ? 4.9h 7 +10.4 or -0.21% or F
-10.7 +0.22"

wing 2.8d 9/2 +5.53 3 +0.84" F

10’ Ing 14m 1 +2.81 1 +0.089* F

wiIng | 155 | 2lm 4 F

Wing, 9/2 +5.5229 271 | +0.82" +0.57 E F

wing | 393 | 1.7k 1/2 -0.210 1 F

1'Ingg 72s 3] s+1.7

wing | 190 | 50d 5 +4.7 F

Wng 600Ty | 9/2 +5.5348 272 | +0.83° +0.56 EF

wiIng | 335 | 4.5h 1/2 -0.244 1 F

128, 14s [1] +2.786 14 | =0.1 E

Wwin,, | 70 54m 5 +4.3 F

Wwing 45m 9/2 F

wlIng | 310 | 1.9h 1/2 -0.2515 12 F

13Ing | 660 | 60ns [3/2] +1.0 +0.64

50°Sng | 1257 | 0.3ps | [2] ~0

1338ng, 118d 1/2 +0.88 F

10'Sn, | ~3100 700ns | [9,7?] g=-0.081

50 Sng 1/2 -0.9178 46 EF

50°Sng | 619 | 3.3us | [7/2) <+1.0

0°Sng | 726 | 159us | [11/2] -1.368 7 +0.8 E

50%Sn 04

s50°Sng | 1290 0.4ps | (2] [-0.1]

1e88ng, | 2369 350ns | [5] -0.32

50 Sng; 1/2 -0.9999 50 E F

ll&sn68 0.

20 Sng | 1230| 0.5ps | [2] -0.2

18Sn,, | 2320] 21.7ns| [5] -0.32
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Summary of Nuclear Moment Values and Index — Continued

Nucleus | Level | T, I u Diam. Q Q Q. Index
(keV) (hf2m) (nm) Corr. (b) (nmb) (b3

- 1a%Sng, 1/2 -1.0461 53 B EF G

2038ng | 24 18.5ns | [3/2] +0.68 -0.07 1
éf.oSnm 0¢ G

1298, | 1170 | 0.5ps (21 ~0 K
12%n,,| 2300 | 5.5ns {5 -0.30 +0.02 J
1e18Sn,, 27h 3/2 £0.699 4 +0.08 F

w/Q negative

2Sn,, | 1140 | 0.6ps | [2] ~0.3 K
55°Sn,, | ~24 | 40m 3/2 F

124Sn,, | 1130 | 0.8ps [2] -0.1 K
$1°Sbg, 3lm 5/2 +3.46 2 -0.28" F

51°Shs 15m 3 F

11Sby, 2.8h 5/2 +2.67 1 ~0.42" F

317She | 3130 | 340us | [21/27] +1.22 J
*Sbg, | ~200| 3.5m 1 +2.46 F

i1%Sbgg 38h 5/2 +3.45 2 -0.297 F

12%h g, 16m 1 +2.3 F

3118b o, 5/2 +3.3592 174 | -0.28"¢ BCDETFG I
iSb,, | 37 3.5ns [7/2] +2.51 1 -0.4" I
2?Sh, 2.73d | 2 -1.90 1 +0.66" B F J
1328b,, | 61 1.8us | [3] +2.98 2 I
$338b,, 7/2 +2.5466 132 | -0.36" BCDETFG

124gy 60d 3 +1.3 ' F ]
52°Sh,, 2.77y 772 +2.61 1 E J
136Sb 12.5d [8] +1.3 J
227Sb 4 3.9d [7/2] *2.6 J
33%Sh,, 8.6h {8 =1.3 J
136Te,, 2.5h 0¢ F

1 Teg, 61m 1/2 F

32 Teg 16h 1/2 +0.25 F

Teq, | ~300| 4.5d 11/2 F

S 0Teg | 560 | 9.3ps | [2] +0.6 J

i 'Te,, {564 | T.6ps | [2] +0.66 J
23Te,, >50Ty| 1/2 -0.7359 39 E G

1PTe,, | 159 | 190ps | [3/2] *0.7 J
+23Te,, | 248 | 117d [11/2) -1.00 J
2Te,, | 440 | 7 ? g=+0.2 J
Te,, | 506 | ? ? g=+0.03 J
§3'Te,, | 603 | 6.6ps (2] +0.5° -0.5;-0.3 J K
si°Teq, 1/2 -0.8872 47 E G

i2*Te,; | 35.5 | l.6us 3/2 +0.60 -0.2 I
15Te,, | 145 | 58d [11/2] *0.9 1
12%Te,, | 321 | 695ps | [9/2) ~0.91 H
125Te,, | 443 | 21ps (3/2] +0.5 1
$3°Teqy | 463 | 13ps [5/2] +0.6 I
V25Te,, | 525 ? [7/27] negative J
;§6Te14 0¢ G

126Te,, | 667 | 4.4ps | [2] +0.6 -0.3;-0.1° J K
127Te,, 9.4h (3/2] +0.61 J
12Te,, | 89 109d [11/2] -0.91 J

52 Tezg 04 G

128Te,s | 743 | 3.2ps {2 +0.5 -0.1;+0.1° J K
+5Te,, 69m [3/2] £0.67 ]

1 Te,, | 106 | 34d (11/2] -1.15 J
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, 1 " Diam. Q Q Q. Index
(keV) (hf2m) (nm) Corr. (b) (nmb) |  (b?
;;0T67s 0¢
e 'Te,,| 840 | 2.0ps (2] +0.6 -0.2;-0.1
53 Lng 13h 5/2 F
540 I 4.0d 2 F
531, 60d 5/2 +3 -0.89"
2%, 188 | 35ns [3/2] *3
2, 13d 2 F
M 5/2 +2.8091 153 | -0.79°S +0.18 E F
53l | 58 1.92ns | [7/2] *2.2° -0.71°
53l | 203 | 330ps | {3/2) ==x1.1
4 O 25m 1 F
4 16My 7/2 +2.6174 143 | -0.55" E
2L | 27 15ns (5/2] +2.8 -0.68"
e 12h 5 ) F
', 8.1d 142 +2.738 15 | -0.40" F
5] o 150 | 0.95ns | [5/2] +2.8
', 1797 | 5.9ns | {9/2 -0.7
or 11/2] -0.9
540 PN 2.3h 4 +3.08 2 £0.08" F
©/Q negative
03l | 49.7 | 0.95ns | [3] +2.2
s O 21h 772 +2.84 2 -0.26" F
L, 6.7h 7/2 F
50 G 1/2 -0.7768 43 E F
2%Xeq, | 40 700ps | [3/2] +0.41°
1 e, 3/2 +0.6908 39 | -0.12° +0.048 E F
;iZXem 0
2 Xe,5| 668 | Tps [2] +0.9
;‘:AXem 0¢
;26Xe52 0¢
+2%Cs 4 45m 1/2 +1.41 1 F
22 7Cs oy 6.2h 1/2 +1.45 1 F
22%Csq, 31h 1/2 +71.479 8 F
+3%Cs g 30m 1 +1.37 or 1 F
~1.45
sy 10d 5/2 +3.54 2 -0.57%" F
s2'Cs,e| 133 | 9.3ns | [5/2] +2.1
2Cs,, 6.2d 2 +2.22 1 +0.47%" F
i3Csp 772 +2.5779% | 148 | -0.0030+" <100 E F
(+2.5788)
s23Csqpy| 81 6.31ns | [5/2] +3.44 2
532Cs,g| 160 | 190ps | [5/2) +1.5
34Cs,, 2.2y 4 +2.989 17 | +0.36%° F
i2%Cs,e| 11.2 | 47.0ns| [5] +3.34 2
1%Cs, | 137 | 3.1h 8 +1.096 6 F
135 2My 772 +2.7280° 156 | +0.044%" F
(+2.7289)
135Csy 13d 5 +3.70 2 F
i Csy, 30y 712 +2.8372¢ | 162 | +0.045+" F
(+2.8382)
43°Csgy a2m | 3 *0.5 F
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Summary of Nuclear Moment Values and Index — Continued

Nucleus | Level | T, 1 u Diam. Q Q [ Index
(keV) (h/27) (nm) Corr. (b) (nmb)| (%

13'Ba,,| 356 | 63ps (2] +0.3° K
;:43373 0¢ G

13%Ba,,| 605 | 7ps [21 ~+0.006? +0.1* T K
13%Ba,, 3/2 +0.8365¢ | 49 | +0.18° DEFGH

(+0.8372)

1%5Baj, 3/2 H
io%Ba,, 0+ G

so®Bag, | 818 | 1.5ps | [2] +0.3" K
13'Ba,, 3/2 +0.9357* | 55 [ +0.28" EF GH

(+0.9365)

is’Bay, 3/2 H
37Bag, | 662 | 2.55m | [11/2] =~-0.05 J
56 Bag, 0¢ G

tLa,, 59m 312 F

32La, 4.5h 2 F

192 an | 2 25m 6 F

23%Lag, 4.0h 5/2 F

3%La, | 535 | 49ns [11/2] +8 J
35Lag, 19.4h 5/2 F

BLa,, 9.9m 1 F

1 Lag, 60ky 72 +2.69 2 +0.26%" G

12%Lag, 112Gy | 5 +3.704 22 | +0.51%* E G

13’Lag, 72 +2.778 17 [ +0.22+% EF GH
51'Lag, 40h 3 +0.73 +0.1%" F I
30Ceyy 25m 0¢ F

i3Ceq, 4.2h 0¢ F

s82Ceys 5.4h 9/2 F

ey | 7 97m 1/2 F

134Cey 72h 0¢ F

53 Ceq, 17h 1/2 F

'Ceq 9.0h 3/2 +0.7 F J
2'Ceqe | 255 | 34.4h | 112 +0.69 F J
i3%Cey, 140d 3/2 0.9 F J
18%Cegy, | 2083 | 3.41ns| [4] +4.3 +0.40% J
WiCey, 33d 7/2 B J
1eiCeq, | 650 | 6.2ps | [2] -0.1 K
58°Ceys 34h 3/2 ~x1 F ]
13%Pr,, 7.5m 5/2 F

1o%Pry 18.5m 2 F

1 Pr, 24m 3/2 F

13¥Pr, 13.5m | 2 F

1 Prog 1.28h | 5/2 F

%Pry, | ? 2.0h 7 F

A3%Pr,, 4.5h 5/2 F

33%Pr, 3.4m 1 F

13 Pry, 5/2 +4,16 3 -0.058° B F G

+37Pry 19h 2 -0.24 -0.034" F ]
AP, | ? ? 5 F

13%Pr,, 14d 7/2 F

18Py, | 57 4.17ns| [5/2] +2.8 ]
s0'Nd,, 8m 04 F

e°Nd 54 15m 9/2 F

o Nd 55m 0¢ F
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, I n Diam. 0 Q Q, Index
(keV) (h/2m) (nm) Corr. (b) (nmb) | (b?)
69'Nd,, 37m 1/2 F
6aFNd,, 5.2h 0¢ F
63°Nd,, 29.7m | 3/2 F
6o’Nd,| 232 | 5.5h 11/2 F
$aNd g, 3.4d 0¢ F
&5 'Ndy, 2.4h 3/2 F
6o Nd,, 7/2 -1.063 7 -0.48" F
eo'Ndg, | 695 | 4.2ps | [2] +0.26 -0.2;-0.6 J
¢o*Ndg, | 1314 | 90ps [4] +0.2 J
ea*Ndy 772 -0.654 4 -0.25" F
eoNdg, | 454 | 21ps (2] +0.48 -0.7 J
e8'Nd,, 11d 5/2 +0.55 £0.7" F
u/Q negative

60 Ndg | 300 | 116ps | [2] +0.45 -1.3 J
i Ndyg 1.9h 5/2 +0.35 +1.0° F
eo’Ndg, | 132 | 1.52ns | (2] +0.64 -1.7 J
6o Ndgg | 397 | 55.9ps | [4] +1.3 J
$'Pmy, 20.9m | 5/2 F
3Pmy, 265d [5/2, +3.8, I

or 7/2] +3.9
eV Pmg, 360d (5, £1.7, J

or 6] +1.8
Pm,, 2.6y 7/2 +2.62 2 +0.7 F
s Pmg, | 91 2.55ns | [5/2] +3.4 J
e Pmy, 5.4d 1 +2.0 +0.2 F J
¢1°Pmg; | 137 | 43d (6] +1.8 J
¥Pmy, 53h 7/2 +3.3 F J
¢1’Pmg, | 114 | 2.58ns | [5/2] +2.1 J
e’Pmy, | 188 | 3.24ns | [3/2) +1.6 J
61°Pmg | 211 | 80ps [5/2] +2.2 J
6 Pmg [ 270 | 2.59ns | [7/2) +3 J
'Pmg, 28h 5/2 +1.6 +1.9 F

u/Q positive

e3%Sm 15m 0 F
43'Sm,, 11.3m | 172 F
62 Smy | ? 22.9m | 11/2 F
e2'Smyg, 1.2h 04 F
3%Smyg, 8.8m 3/2 F
62 Smyg, 340d [7/2] +0.92 J
62 Smgg 0.1Ty | 7/2 -0.813 6 -0.18% F
65 Smg | 121 | 780ps | [5/2) -0.3 J
4s7Smg | 198 | 1.3Ins| [3/2] -0.28 J
03%8mg | 551 | 7.35ps | (2] +0.3 -0.8 J
39Sm,, 7/2 -0.670 5 +0.052° F
62°Smy, | 22 7.6ns 5/2 ~0.61 +0.4
53°Smg | 334 | 48ps (2] +0.60 -1.3 ]
63'Smg, | 105 | 480ps | [5/2] +0.5 J
3'Smg | 168 | 760ps | [3/2) +0.6 J
43Smgg| 122 | l42ns| (2] +0.69 -1.8 J
63Smy, | 366 | 57ps (4] +1.2 ]
63°Sm,, 47h 3/2 -0.0217 1 +0.9 F
63'Smy, | 82 3.02n | [2) +0.61 ]
62'Smy, | 267 | 165ps | [4] +1.3 ]
ea'Smy, | 549 | 23.5ps| [6] +1.9 I
03°Smy, 24m 3/2 +0.8" F
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Summary of Nuclear Moment Values and Index — Continued

Nucleus | Level | T, I “w Diam. Q Q Q. Index
(keV) (hf2m) (nm) Corr. (b) (nmb) | (b?)

i3°Eu,, 5.9d 5/2 F

t3Eug, 4.65d | 4 F

3 Euy, 22d 5/2 F

WEug | 625 | 765ns | [11/2] +6.0 J
65 Engg 54d 5 F

i3 Eugy, 93d 5/2 F

%Eug | 497 | 2.43us| [11/2] +6.1 J
15%Euy, 12.5h | 0¢ F

63 Eug, 5/2 +3.4631% | 240 |+1.1° B F G I

[+3.466]

'Eug | 21.7 | 9.4ns 772 +2.57 2 +1.8° I
1520y, 13y 3 -1.937 13 | +3.0° B F G

3 Eug, | 49 9.3h 0¢ F

15%Eu,, 5/2 +1.530 11 | +2.8 B EF G

5%Eug | 97 200ps | [5/2} +3.2 I

or —0.5

13Fuy | 103 | 3.8ns [3/2] +1.5° I J
i3 Eug, 16y 3 +2.001 14 1+1.9° B G J
3 Eug, | 105 | 400ps | [5/2] +2.5 J
Gd,, 22.9m | 1/2 F

17Gd,, 38.5h | 7/2 F

14°Gd,, 9.4d 72 F

03'Gdg, 120d 72 F

13Gdg | 344 | 29ps (2] +1.0 ]
153Gd,, 2424 3/2 F

54%Gd,, | 123 1.18ns | [2] +0.84 1 J
$3'Gdg, | 371 | 39ps 4 ]
25Gd,, 3/2 -0.2584 18 | +1.6° -1.6 B EF G I
155Gd,, | 87 6.66ns | 5/2 -0.93! 1 ~+0.2" 1]
155Gdy, | 105 | Llns | 3/2 +0.4! ~x1" T ]
2%Gd,, | 89 2.22ns | [2] +0.72" +1.2° 1]
1%6Gd,, | 288 | 1l5ps | [4] +1.4 ]
135%Gdg, | 1513 | 190ps | (4] +3.1 J
157Gd gy 3/2 -0.3388 24 | +L.7° B F G

61'Gdy, | 64 460ns | [5/2] +3.0° 1
158Gd,, | 79.5 | 2.49ns| [2] +0.73} 1 +1.3" 1]
159G dgs 18h 3/2 +0.44 F ]
19%Gdg | 75 2.7ns | [2] +0.63 +1.3" 1]
$31Thg 18h 1/2 F

2 Thy, 18h 2 F

53 Thg 2.3d 5/2 F

1%Thy, 21h 0¢ F

P 4Tbg | ? 8.5h 3 F

1 Thy, 5.6d 3/2 F

125Tb,, 5.4d 3 +1.4 +1.4 F ]
2 Thy, >30y [3/2] +2.0 B

i 150y 3 £1.75 1 +2.7% B

59Ty, 3/2 +2.008 14 | +1.3% B F G ]
1°Thy, | 58 | 130ps | [5/2] £2 I
+0Thy, 72d 3 +1.70 1 +2.3 B F J
151 Thy, 6.9d 3/2 F

o Dy 18m 772 F

Dy 2.4h 0¢ F
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T\, I n Diam. Q Q (R Index
(keV) (h/2m) (nm)  |Corr. (b) (nmb) | (bd)
i Dyg; 6.4h 772 +0.7 +0.14% F
1/ Q positive
Dy 10h 3/2 +0.28 +0.9* F J
©/Q negative
Dy, 8.1h 3/2 +0.31 *1.2% F
©/Q negative
ce'Dy,, | 630 | ? [6] +2.2 J
Dy, 144d 3/2 F
Dy, | 87 2.0ns [21 +0.73 -2 1]
"Dy, | 966 | 2.2ps 2] +0.4 J
Dy 5/2 -0.482 3 +2.4%5 ~+0.6 F I
s Dy, | 26 28.4ns | 52 +0.67 +2.4%" I J
s Dy | 75 3.4ns | 32 -0.38 +1.3#" 1]
¢’ Dyg | 80.7 | 2.25ns| {2 +0.72 I
13Dy, 5/2 +0.676 5 +2.5%" ~+0.7 E F
es'Dyge | 73.3 | 2.39ns| [2] +0.70 —2.0%" 1J
¢’ Dygo 2.3h 772 *0.52 +3.3% F
;261))’100 8Zh 0¢ F
63 Hoy, 12m 1 F
3 Hog, 50m 5/2 F
63 *Ho,, 55m 1 F
$3"Ho 14m 7/2 F
1”Ho.Jl 1lm 5 F
e *Ho,, | 67 29m 2 F
+3°Ho,, 33m 7/2 F
+2%Ho,, 26m 5 F
¢ Hoy, | 60 5.0h 2 F
o3 Hogy, 2.5h 7/2 F
637 Hog, 15m 1 F
¢3’Hog | ~100/ 68m 6 F
l6‘Ho.,., 29m 1 F
¢ Hog | ~46 | 38m 6 F
15°Hoy, 772 +4.12 3 +2.7 ~+0.8 F J
$5®Ho,, 27h 0¢ F
1’ Hog | 9 1.2ky | [7] 4.1 J
eErgy | 344 | 47.9ps| [2] 2o *0.4 J
453 | 7.83ps| [4]
8 Erg 20m 3/2 F
1By, 2.3h 0¢ F
PErg | 193 | 433ps | [2) 8ave— 0.4 J
356 | 20.8ps| [4]
434 | 4.04ps| (6]
I%Er,, 36m 3/2 F
sa Ergy 29h 0¢ F
s Erg, | 264 | 49.8ps| [4] Law— 0.3 ]
376 | 1.77ps| [6]
465 | 4.04ps| [8]
¢s Erg, 3.2h 3/2 -0.369 3 +1.2% F
15%Er,, 75m 5/2 +0.56 +2.2% F
es'Ergs | 92 1.6ns | [2] £0.71 I
08 Erg; 10h 5/2 *0.65 £2.2° F
w/Q positive
ea Ergg | 80.6| 1.82ns| [2] +0.63 -2.0% I J K
es®Ergg | 265 | 120ps| [4] +1.2 -2.7 J K
cs’Ergg | 787 ? 2] +2.0 K
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, 1 m Diam. Q Q Q. Index
(keV) (h/2m) (nm) Corr. (b) (nmb) (b3

FThry, 772 -0.564 4 +2.83°% B F
66 Er e 80 1.91ns | [2] +0.65 IJ
S%Er | 264 | 120ps | (4] +1.2 -2 ] K
BEr 4| ~7800 ? [4] ~0 J
%Er,| ~7800 ? [31 +6 J
9Er,g 9.4d 1/2 +0.513 4 F
e Ere,| 79 1.90ns | [2] +0.64 ~2.1% I J K
ea Ery,| 261 | 135ps | (4] *1.2 -2 J K
3 'Er g 7.5h 5/2 +0.70 1 +2.3 F

n/Q negative
139Tmy, 9m 5/2 F
s 'Tm,, 9m 1 F
'Tm,, 37m 72 F
652Tm,, 21m 1 F
3 Tm,, 1.8h 1/2 +0.08 F
65 Tm 2m 1 F
% m,y | 2 5m 6 F
69 Tmg, 29h 1/2 +0.138 1 F
e Tmy, 7.7h 2 +0.092 1 +1.9% F

u/Q positive
5 Tmg, 9.6d 1/2 -0.20 F
eo Tm g 85d 3 F
59°Tm g 1/2 -0.231 2 B F G H
65°Tm o 8.4 | 4ns [3/2] +0.52 -1.3x I
4°Tm o 118 | 62ps [5/2] +0.74 1 J
6'Tm o 139 | 320ps | [7/2] +1.30 1 0/01:5=1.0 J
$99Tm | 316 | 660ns | [7/2)] +0.15 J
""Tm,00 379 | 36ns [7/2] +0.96 1 J
¢5'Tm g, 127d 1 £0.246 2 £0.59 , F

nl/Q positive
1Tm g, 1.9y 1/2 +0.229 2 F
69 Tm gl 117 | 55ps (5/2] +0.8 J
0! Tm | 129 | 362ps | [7/2 +1.2 J
19°Yby 32d [7/2) £0.6 I
100Yb g | 84 1.58ns | [2] +0.68 1 negative I ]
1Yb g, 1/2 +0.4919¢ | 40 B E G H

(+0.4930)
10 b,, | 67 900ps | [3/2] +0.35 I
”‘Yb,o, 76 2ns (5/2] +1.01 1
1%b,,! 78.7 | 16ns | [2] +0.64" +3 I ]
103 Yh | 260 | 132ps | (4] -2 K
b g| 1174 | 7.95ps | (3] +0.66 1 *4 J
YD e 5/2 -0.6776° | 54 | +3.0 B E G H
_ (-0.6791)

1e¥Yh | 79 38ps {7/2] -0.20 J
105Yb | 179 | 36ps [9/2] ~+0.3 J
1o¥Yb | 351 | 0.45ns | [11/2] ~=0.7 J
1Yl 76.5 | 1.79ns | [2] +0.68" 1 I ]
1 4Yh 4| 252 | ? (4] -2 K
107Yb o 4.2d [7/2] £0.3" ~+6 J
1i%Yh 4| 82 1.76ns | [2] +0.76 1 I ]
108Yb | 270 | ? (4 ~0 K
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Summary of Nuclear Moment Values and Index — Continued

Nucleus | Level | T, I I Diam. o Q Q, Index

(keV) (hf2m) (nm)  |Corr. (b) (nmb) | (b?)
1 Lug, 54m 772 F
1 Lug, 1.5d 7/2 F
1 Lug, 2.0d 0¢ F
1 Lu g, 8.3d 7/2 F
TPLu g, 7/2 +2.230 18 | +5.6° EF
Lugl 114 | 100ps | [9/2] +1.9 J
IPLuyg,| 251 | 42ps [11/2] +1.9 J
11 Lu g, 20Gy 7 +3.18 3 +8.07 F
11 Lu | ~300| 3.7h 1 +0.318 3 -2.3" F
1L g6 6.8d 712 +2.24 2 +5.4° F
T | 971 155d [23/2] +13 J
1%Hf,,, | 88.4 | 1.40ns | [2] +0.53 ]
1HE 772 +0.7902 66 | +4.5% F
1o Hf o5 | 113 | 500ps | [9/2] +1.12 1 J
1 HE o | 250 | 55ps [11/2] +2.6 J
19THE 5 | 321 660ps | [9/2) -0.51 J
72 Hf 106 0¢
11%Hf 6 | 93 1.50ns | [2] +0.58"° J
1 HE 9/2 -0.638 5 +5.1% F
72 Hi 5 0¢
13%H1,,, | 93 1.50ns | [2] +0.64" ]
19%Hf . | 309 | 71ps [4] +2.3 J
s P 772 +2.35 2 +3x5 E F
1 Ta 4 | 6.2 6.8us | [9/2] +5.1 +3x"
13 Ta g | 482 10.8ns | [5/2] +3.29 3 positive I
197Ta 0 115d [3] 2.6 J
18Ta,, 5.0d 7/2 F
76" W 108 0¢
19°W e | 100 | 1.37ns | [2] +0.51 J
19W 0a | 329 | 64ps (4] +0.7 J
1 e | 1289 | 1.04ns | [2] +1.4 J
W | 1374 | 2.25ns | [3] +0.10 J
19 W e 1/2 +0.1169 10 E
1W e | 46 180ps [3/2] -0.1
19W g | 99 700ps | [5/2] +0.7 J
;i‘wno 0¢
W e | 111 | 1.26ns | [2] +0.56 J
14 W 0 | 364 | 43.5ps | [4] +1.2 ]
W, 74d 3/2 F
_l’gﬁwnz 0¢ .
W, 1123 | Lolns | (2] +0.65 1 ]
1%5W .. | 399 | 25ps [4] +0.8 -3 1
19W . | 730 | 4.2ps [2] +0.7
_1]31W“3 24h 3/2 F
15 Re g 70d [5/2] +3.1 J
12%Re g | 496 | 7.89ns | [9/2] +5.3 J
1e'Re 10 38d 13} £2.5 J
1% Re 00 | 188 | 165d [8] £2.9 J
1e°Re 0 5/2 +3.172 28 | +2.3" E
13%Re 90h 1 +1.73 1 ~+0.4° F
1eRe 60Gy 5/2 +3.204 28 | +2.2° E
1e"Re,;, | 206 | 560ns | [9/2] +4.8 J
12%Re 4 17h 1 +1.78 1 ~x0.4" F
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, 1 " Diam. (0] Q Q. Index
(keV) (hf27) (nm) iCorr. (b) (nmb) b?

18805 10| ? ? 2] -2 K
18008, 137 840ps (2 +0.61 1 +1.5 J K
150s,,, 1/2 +0.0643 6 E G

18805 ,,,| 155 710ps (2] +0.55 -0.4;~1.3 J K
18805 ,,2| 633 5.6ps 2] +0.9 J
1620815 3/2 +0.6565 59 +0.8% E G

19908 ,,,| 187 350ps [2] +0.68 1 +0.3;-1.0 J K
19%0s,,,| 548 | 28ps (4] +0.9 J
10208 4] 206 280ps 21 +0.78 1 +1.2;-0.4 ] K
1220s,,6| 489 28ps 2] +0.7 J
. 3/2 +0.1454 14 +1.1° B EF G

o', | 82 3.8ns [1/2] +0.546 5 1
My, | 129 131ps | [5/2] +0.5 J
PMry,, | 171 4.9s (11/2] +6.1 1 E )]
ey, 74d 4 +1.90 2 E F J
a3 PN 3/2 +0.1583 15 +1.0°% B EF G

3 | 73 6.2ns 1/2 +0.468 4 I
e, | 139 | 90ps [5/2} +0.6 J
1, 17h 1 +0.37 F ]
19%P,, | 316 35ps {2] +0.93" 1 J
WP, | 612 20ps (2] +1.0% J
1Pt | 785 12ps (4] +0.9" J
;:4p'116 0. G

19%Pt,,. | 328 | 35ps (2] +0.6 +0.6;+0.9 J K
19%Pt,, | 622 44ps (2] +0.4 J
195Pt )y 1/2 +0.6022 56 EF G

1Py, | 99 160ps | [3/2] ~0.60 1 I
Pt,, | 210 | 67ps [3/2] +0.3 ]
195Pt,,, | 240 230ps [5/2] +0.22 J
1%, | 259 | 4.1d (13/2] +0.60 1 E J
;:6Ptl]8 0‘ G

19%Pt,, | 356 | 35ps (2] +0.55 +0.5;+0.6 J K
1Py 20h 1/2 +0.5° F

78°Pt,, | 408 | 19ps (2} +0.5 +1.2 ] X
19°Au,,, 40m 1 £0.066 1 F

1o lAu, 3.0h 3/2 £0.137 1 F

19 AU, 4.1h 1 +0.0079 1 F

19°Au ., 18h 3/2 +0.139 1 F

19t AU 39h 1 +0.074 1 F

oAU, 192d 3/2 +0.147 1 F J
19¢Au,, 6.2d 2 +0.588 6 F

15%Au,,,| 596 | 9.7h 12 £5.4 F 1

To AU 3/2 +0.14486 | 137 | +0.59 ~ +0.01 B EF GH

o Au,,| 77 1.9ns [1/2] +0.42 1
1otAu,, 2.7d 2 +0.590 6 F

15%Au,,| 367 | 123ns | [3] +3.6 3
190 Au| ? 49h (127} +5.6 1 I
19%Au g0 3.2d 3/2 +0.270 3 F

2%Au, | ? 18.7h | {12] +6.1 1 E J
00 He 100 8.8s 1/2 +0.52 E H J
0 Hg 105 50s 1/2 +0.50 E H ]
T Hg 00 2.4m 312 -0.59 1 -0.3 H J
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level | T, I n Diam. Q Q Q. Index
(keV) hf2m) (nm)  |Corr. (b) (nmb) | (b}
WwHg,,, 6h 3/2 -0.6236 60 |-1" G H
s Hg,;3| 140 | 11h 13/2 -1.052 10 |+L.2° G H
s Hg s 9.5h 1/2 +0.538 5 G H
s0°Hg | 176 | 40h 13/2 -1.038 10 |+1.2° GCH
30 He 1 65h 1/2 +0.5241 51 G H
s Hegyp| 134 | 7.3ns | [5/2] +0.96 1 J
g0 Hega| 299 | 24h 13/2 -1.0214 99  [+1.4 G H
;stgna 0¢ G
g, .| 412 | 22.0ps | [2] +1.1 ]
4 : N 1/2 +0.50271¢ | 485 G
(+0.50415)
a0 Heg ol 158 | 2.32ns | [5/2] +1.0 +0.7 J
a0 Hg 0| 533 | 44m 13/2 +1.0083 97  |+2 H ]
ggnglzo 0¢ G
’Hg ., | 368 | 42ps (21 +0.9 J
soHg,,, 3/2 -0.55671° | 537 [+0.44° -0.13 EF G H
(—0.55830)
ﬁnggmz 0¢ G
20 Hg | 439 | 26ps 2] +1.2 J
20 Hg s 47d 5/2 +0.86 1 +0.5 G H
:g‘Hg\'n 0¢ G
a0'Hgag | 437 | 46ps {2 +0.8 ]
I Hg s 5.5m 1/2 +0.597 6 H J
e Tl 23m 1/2 F
ST, 33m 2 +0.135 1 F
e Tl 1.2h 1/2 +1.57 2 F G
a5T1,, 1.8h 2 +0.0699 7 F
81 Tl 2.7h 1/2 +1.56 2 F G
Iy 5.3h 2 +0.00121 | 1 F
1, | 544 | 1.8k 7 +0.64 1 F
T, 7.4h 1/2 +1.62 2 F G
Y IO 26h 2 +0.03568 | 35 F G
29T g0 72h 1/2 +1.65 2 F G
iVl 12d 2 +0.0565 6 F G
29Tl | 950 | 560us | [7] +0.90 1 J
Sy ¥ 1/2 +1.6115 158 EFGCH
2Tl | 279 | 280ps | (3/2] +0.16 I
2001 1as 3.9y 2 +0.089 1 F
29571 1ge 1/2 +1.6274 160 EF GH
26T 1y 4.2m 0+ F
204Pb g, | 1274 | 260ns | (4] +0.22 £0.3 I
I0%Phys| 1014 | 5.55ns | [13/2] -0.98 1 ]
ggﬂpblﬂ 0. G
22°Pbyy,| 803 | 6ps {2 ~0 I
2%Pby,,| 2200 | 123us | [7) -0.152 1 ]
2%Pb ,,| 2385 | 29ps [61 +0.8 J
20%Pb g, | 4027 | 200ns | [12] -1.86 2 J
ol o Y 1/2 +0.5783% | 58 EF G H
(+0.5881)
29 Pb, | 570 | 129ps | [5/2] +0.8 1
:ganIZG 0¢ G
20%Pb 46| 2615 | 15ps (31 +1.8 -1.1 J
2%Pb,ge| 3198 | 298ps | [5] +0.10 J
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Summary of Nuclear Moment Values and Index — Continued

Nucleus | Level | Ty, 1 I Diam. 1Y Q Q. Index
(keV) (h/2m) (nm) Corr. (b) (nmb) b?

33 Biyg 25m 9/2 F

23%Biyy, 35m 7 F

t9'Bi,y, 1.8h 9/2 F

20%Bi 1.6h 5 F

3 Biyg 12h 9/2 +4.59 5 -0.71° F

By, 12h 6 +4.25 4 —0.46" F

1%Biy 15d 9/2 ~+5.5 F

23Biy 6.3d 6 +4.56 5 -0.21" F G
1Biy, | 2102 | 182us | [21/2] +3.4 J
1V Biy >2Ay | 9/2 +4.080 41 |-0.38° +0.5 D EFG

23 °Bi 5d 1 -0.0442 4 +0.14" F

23 Big, | 405 | 318ps | [7/2] +4.4 I
%o, 18m 3/2 F

1 Po1e 51m 0¢ F

1°Poyy, 42m 5/2 F

204p0 0o 35h | o0 F

39*Poyy | ~1700 140ns | [8] +7.8 1 J
29°Po g 1.8h 5/2 ~+0.26 +0.17 F

s J 8.8d 0 F

2P0y, | ? 212ns | (8] 7.4 1 J
2oy, 6.0h 5/2 ~+0.27 +0.28 +0.11 F

2P0y, | 1115 | 47us (13/2] -0.93 1 J
2¢Po,, | 1530 | 380ns | [8] +7.3 1 J
fod Z 103y 1/2 +0.77 1 G
30Po s | >1327 ~100ns [17/27] | +17.5 1 J
23%P0 4 138d 0+ F

33%Po 4 | 1472 | 38ns (6] +5.6 1 J
2P0y, | 1552 | 110ns | (8] +7.3 1 J
2°Po . | ~2800 24ns (i +12.0 1 J
3¢ Poyy | 4372 | 93ns {13] *7.1 1 J
2a'Po | 1064 | 16ns [15/2] +0.4 J
2 At 7.2h 9/2 F

aalAt | 1416 | 50ns [21/2] +9.4 1 J
VAL, | 4816 | 4.2us | [39/2 *14 J

or 41/2] £15

2'Rn ;6] ~1700 1.0pus | [8] +7.2 1 I
2'Rn | 186 | 320ps | [2) +0.9 I
$3%Ra| 50 630ps | [3/2] +0.42 J
337AC 14 22y 3/2 +1.1 +1.7 G

20 Th 7.3ky | 5/2 +0.38 ~+4.6 G

33Pa 34ky 312 +1.98 2 B G
3°Paje 27d 3/2 +3.4 -3.0 F

2U 162ky | 5/2 +0.64 1 +4.2% B G J
33U 1 710My | 7/2 -0.43 +4.9" B G J
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Summary of Nuclear Moment Values and Index — Continued
Nucleus | Level| T, 1 m Diam. Q Q 0, Index
keV) (h)2m) (nm)  |Corr. (b) (nmb)] (b}

23'Np 2.1M 5/2 +2.4! iti

93 144 . y . positive

23IND 1aa | 60 63ns (5/2] +1.3F 0/Q,=+1.0

23ND s 2.1d 2 F

23"Np a6 2.3d 5/2 F

Np 4| 75 1.40ns | [5/2] +1.3%

2%9pu 24k 1/2 +0.200' 2 F

94 145 y -

3Pu,,, 13y 5/2 -0.68" 1 +5.6

selAm 460y 5/2 +1.59 2 +4.9 F

#2Am,, 16h 1 +0.383 5 -2.8 F

3 Am 8ky 5/2 +1.59 2 +4.9

2eiCm 160d 0¢ F

2%3Cm ,,, 28y 5/2 4

245Cm 8.26ky | 7/2 .5

2’Cm g, 15.4My| 9/2 0.4

23°Bk 314d 772 £5 *5

253

99 Es gy 20.5d 72 +4.0 +6 F

* No hyperfine structure observed

* Polarization or Sternheimer corrections included

a o T

m

L4

- e

<

-
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Weighted average

Wide spread in tabulated values
Atomic beam value of [595t46] adopted
OP and NMR values discrepant.
ENDOR and NMR values discrepant. Values in (
f ABMR and NMR values discrepant. Values in (

No diamagnetic correction added.

Values in (

Not certain of corrections used by authors or if corrected.
ABMR and ENDOR values discrepant. Values in [ }’s based on ENDOR values

Mossbauer and PAC values discrepant
In the latest adjustment of fundamental constants [73CoTal, this value has been increased to 2.7928456 11.

Relative value calculated from p—ratio and u'

Relative value calculated from Q-ratio and Q°

)’s based on NMR values
Y’s based on NMR values

)’s based on NMR values

Summary value upon which relative u—values depend

Summary value, average of tabulated values unless otherwise marked

Preliminary value from meeting abstract, report, thesis or private communication
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5. Tables of Nuclear Moment Data

Table A: Neutron, Proton, and
Anti—Proton Moments

Introduction

Since the methods used for the measurement of
the moments of the proton, anti—proton, and neutron
differ appreciably from those used for other particles,
the available
separate table. All methods involve an application of

information is incorporated into a
the principle of magnetic resonance.

Consider a particle with a spin quantum number
5s=1/2 with an associated magnetic dipole moment g
in a magnetic field H. The particle will become ori-
ented in one of two possible states characterized by
the magnetic quantum number m=+1/2 and m=—1/2.
The behavior of the particle may be described semi—
classically by saying that the spin vector precesses
about H with a rotational frequency v (Larmor

frequency)
v=yH |2,

where the gyromagnetic ratio of the particle is
y=2wulsh.

If, now, we introduce a weak magnetic field H,
to H and rotating about it with
frequency », s will be forced to precess about H, as
well as H and the particle will slowly change from
the m=+1/2 to the —1/2 state and vice versa. It is this
resonance between the applied rotation frequency of
H, and the Larmor frequency of the particle that
constitutes magnetic resonance.

perpendicular

Since the frequency can be measured with very
high accuracy, the limitation in the determination of
p lies in the difficulty of measuring the field H.
Absolute measurement of magnetic field is extremely
difficult. Two alternate
adopted for the proton:

procedures have been

(1) The ratio of the proton precession frequency to
the cyclotron frequency of either the free electron
or the free proton is measured. The first yields

the magnetic moment in terms of eh/dmrmc, the
Bohr magneton; the second, the moment in terms
of the nuclear magneton, eh/d7M c.

(2) The proton precession frequency is measured in
terms of the standard ampere which may be
expressed in units of length, mass and time.

In computing the magnetic moment of the proton
in nuclear magnetons from the measured quantities,
the following factors based on the
fundamental constants in [69TaPa] have been used:

conversion

Yo(in rades™*T"1)X(1.043953 10)X107%=p (in nm),

i,(in Bohr magnetons)x(1836.109 I)=u,(in nm),

Total diamagnetic corrections of +0.000073 nm for
water samples or +0.000079 nm for oil samples, as
[50Th06], have added to the
uncorrected proton moments. The uncertainties
quoted in the table include the uncertainties in the

given in been

conversion factors used.

Detailed descriptions of the
measurements can be found in the original papers
and in Laukien [58La04]. There is a good discussion
of the various experiments for the measurement of

techniques and

the proton moment and their sources of error in
Taylor, Parker and Langenberg’s article on The
Fundamental Constants and Quantum Electrody-
namics [69TaPa] as well as in the earlier papers by
Cohen and Dumond [66C036, 65C020].

The neutron magnetic moment is measured by
passing a beam of polarized neutrons through a
strong magnetic field and inducing a magnetic
transition with a resonant rotating magnetic field.
This transition causes a reversal of the polarization
with a consequent decrease in the neutron intensity
at the polarization analyzer—detector. The change in
intensity serves to indicate the resonance condition.
The uniform magnetic field is measured by a point—
to—point
frequency. This procedure yields a value of Molthy

determination of the proton precession
subject to the correction for the chemical form of the
hydrogen in the resonance probe.

The last
information included in the table was in early 1971.

systematic  literature search for

Explanation of Table A

I Nuclear spin, in units of h/27
7 Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction
Refer. Reference key

Quantity
Measured

Method

(Compound) Compound used for measurement

Directly measured frequency ratio, magnetic moment, or gyromagnetic ratio in appropriate units
These values are given without diamagnetic correction unless otherwise indicated.

Method by which frequency ratio, moment, or gyromagnetic ratio was measured
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Table A: Neutron, Proton, and Anti-Proton Moments

I “ Refer. Quantity Measured Method (Compound)
Neutron
1/2 37509 Slow neutron scattering from
ortho— and para— H,
-21] 38P08 Non-—adiabatic transitions in a
rotating magnetic field
+1.913002 80 48B29 ,/w, =0.685001 30 Neutron beam resonance; NMR (H,0)
1/2 S50H67 Reflection from magnetized iron
negative 50588 M ,/p, negative Neutron beam resonance; NMR (H,0)
1/2 54890 Neutron beam resonance
-1.913159 47 56C57 w,/0,=0.685057 17 Neutron beam resonance and proton
resonance over same field (H,0)
Proton
1/2 27D01 Specific heat
1/2 29M01 Band spectra
1/2 30H02 Band spectra
+2.785 2 39K12 Molecular beam magnetic resonance
(H,,HD)
+2.79283 11 49T01 glg J(Cs,251,2)=15.1911x10-‘ Atomic and molecular beam magnetic
elg ](In,"YP1/2)=4-5.6877x107'1 resonance (NaOH)
©,=(15.2106" 6)10 "y
+2.79249 20 50B73 o, |w.,=2.79242 20 NMR (H,0); decelerating cyclotron
51J10
positive 50588 NMR (H,0)
+2.79288 6 50T07 v,=(2.67523 6)10%rs T~ NMR in magnetic field
+2.79292 6 (65C020) y,=(2.67534% 6)10%r-s "' T determined by force
+2.79292 7 (65Hu13) y,=(2.67527€ 6)10°res ' T on straight wire carrying
+2.79291 4 (69TaPa) ¥,=(2.675231"26)10°%res ' T known current (H,0);
strong field measurement
+2.79274 4 51G31 ,/0,=657.475 &8 NMR (oil); measured cyclotron
w,=(15.20970 18)10_‘#3 frequency of free electrons
£2.79275 4 (69T aPa) p,=(15.21016" 19)10 g
52K 32 g _,(H,ZSW)/gp=658.2171 6 ABMR and NMR (oil) in same
+2.792787 17 (69T aPa) p,=(15.210355" 1310 uy field
+2.792764 60 51534 w, o, =2.792685 60 NMR (oil); omegatron
+2.792763 60 (69TaPa) wp/wm=2.792690' 60
54Bell g ;(H)/g=658.21734 19 Mic; NMR (cylinder of oil)
+2.792784 17 (69T aPa) [Lp=(15.2103347.i 65)10 "y
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Table A: Neutron, Proton, and Anti—Proton Moments — Continued
" Refer. Quantity Measured Method (Compound)
+2.79281 4 55C36 o, /w.,=2.79273 4 NMR (H,0); decelerating cyclotron
+2.79275 10 56T19 w, [0, =2.792675 100 NMR (H,0+FeCl,); decelerating
cyclotron ’
+2.79315 & S56W4l ¥,=(2.67549 8)10°%res'T ™" NMR in a field determined by the
dimensions of and current in an
iron—free coil (H,0)
57G89 g ;(D)/g=658.2162 8 Mic; NMR (cylinder of oil)
+2.792788 17 (69TaPa) p,=(15.210360% 23)10
+2.79277 3 58Dr05 ¥,=(2.67513 2)10°rs"'T " Free precession in the field of a
*2.79277 2 (65C020) 7,=(2.675192°C 8)10%r+s "' T~ standard solenoid (H,0)
+2.79278 2 (65Hul3) v,=(2.675137¢ 11)10°res T See 68Dr06 below
59H32 o jw,=657.4501 NMR (H,)
+2.79277 3 (69TaPa) ©,=(15.210280% 1210y
591.15 g ;(H)/g=658.215909" 44 Mic (H+H,+buffer gas)
+2.792781 17 (69TaPa) 1, =(15.2099284% 10)10 g
+2.79280 2 59L54 o [o,=657.462 3 NMR (oil); measured cyclotron
1 ,=(15.21000 70wy frequency of free electrons
+2.79281 2 (69TaPa) © Jw,=657.4620 45
w1, =(15.21046" 10)10 *p
+2.79290 6 61Boll mc,c(H;)/md=1.65957 28 cyclotron frequency of H; and NMR
(D,0+CuCl,2H,0) in same field;
o, lw4=6.514411 3 NMR (D,0+CuCl,-2H,0; H,0+CuCl,)
Used M ,/M(H;)=0.49986388 50
+2.79288 10 61Ca20 ¥,=(2.67530" 10)10%r-s ' T ™" NMR in known magnetic field
+2.79283 10 (65C020) ¥,=(2.67525% 10)10°rs 'T "
+2.79288 10 (65Hul3) 7,=(2.67523° 10)10°rs "' T "
+2.79277° 5 63Sa04 w,/w,,=2.792676 50 NMR (H,0+MnS0,); decelerating
*2.79277 7 (69TaPa) w,j0,,=2.79270% 7 cyclotron
tIncludes additional corrections
+2.79280 2 63Sa05 o Jw,=657.4621 25 NMR (liquid paraffin); measured
,=(15.21043* 6)10* uy cyclotron frequency of free electrons
+2.79281 15 (69TaPa) #,=(15.21046" 84)10
*2.79277 2 63Vi04 v,=(2.67513 N10°rs”'T™! NMR in weak magnetic field (H,0)
+2.79276 2 (65C020) v,=(2.675188"C 8)10%res "' T ™"
£2.79278 2 (65Hu13) 7,=(2.675132€ 8)10°res7'T™!
+2.79276 3 (69T aPa) v,=(2.675144" 16)10%rs "' T
+2.79286 2 65Ma25 ,=2.79279 2 cyclotron frequency of ‘He', ®Ne™.
(69T aPa) n,=2.792794' 17 ®Ne*; NMR (H,0+CuCl,)
+3.03 66Be50 ye=—(2.9 H10%res 7T ! NMR in weak rotating rf field (H,0)
+2.792782 17 - | 66My01 g ;(H,?S ,,)/g=658.21049 20 MASER
#,=(15.210326 410 uy
(69TaPa) ¢ ,(H)/g=658.21053° 20 See 70Wi22 below
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Table A: Neutron, Proton, and Anti—Proton Moments — Continued

1 “ Refer. Quantity Measured Method (Compound)
+2.79273 66Ya07 ¥,=(2.675071)10%res ' T NMR in strong field (H,0)
+2.79274°€ ¥,=(2.67510910%s7'T !
+2.79277 4 (69TaPa) ¥,=(2.675105" 20)10%res T
+2.79267 12 67Mal?7 Determined from existing time—of—
+2.79267 13 (69TaPa) 1,=2.79260" 13 flight and magnetic analysis data

on “Al(p,y)*Si resonanace and
"Li(p,n)"Be threshold

+2.79281 5 67Pe09 o fo, =2.79274 5 NMR (H,0); omegatron (H;; HD"; D))
+2.792773 68Dr06 ¥,=(2.6751526)10%res ' T ! Free precession in the field of a
. standard solenoid (H,0)
(69TaPa) | °  y,=(2.6751465")10%rs'T™ [Fredericksburg, Va. 1958]
(69TaPa) ¥,=(2.6751555%)10%r+s "' T ™! [Washington, D.C., 1960—1967]
(69T aPa) ¥,=(2.6751526'9)10%res ' T [Gaithersburg, Md. 1968}
+2.792773 30 (69T aPa) ¥ poane=(2.675152599)10%res ' T !
+2.79276 3 68Ha49 v,=(2.675138 I1N10%es7'T™" Free precession in an air—core
(69TaPa) y,=(2.6751392'86)10°r>s T~ field—coil system (H,0)
£2.792782 18 68K102 w,/w =(15.2099441 1H10™* NMR (H,0+0.2M CuSO, in cylinder);
w,/w,=(15.210329 9107* cyclotron resonance of electron
+2.79278 3 685127 ¥,=(2.675162 14)10°r+s'T ™" Free precession in field of
+2.79275 (69T aPa) v,=(2.6751349")10%r+s 7' T Helmholtz coils (H,0)
69Te08 y,=(2.67512)10°res "' T ™! Value adopted by BIPM for spherical

sample of H,0
+2.792766 15 T0Wi22 g ,(H)/gD(H)=658.210705j 6 MASER (atomic H)
Anti—Proton

-1.8 12 62Bul9 Double scattering

Includes diamagnetic correction

Includes diamagnetic and paramagnetic corrections

Corrected for standard BIPM ampere

Includes corrections sent by experimenters to compilers 65C020 or 69TaPa

Value corrected for solution concentration, shape of holder, and shielding of electrons and neighboring molecules

For spherical container of H,0

In terms of NBS as-maintained Ampere

Includes corrections for better values of “g”", the acceleration of gravity, and the diamagnetic correction

' Calculated using 1£,=1.001159639u5, g 7g s(1 —17.75 ppm), o(H,)=26.6 3 ppm, o(H,0)=26.0 3 ppm, and o(0i)=29.7 6 ppm
I Calculated using g ,(H)/g (H)=(g /g ,)(1-0.204 ppm). See [69TaPa), page 324.
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Table B: Nuclear Moments
by
Paramagnetic Resonance
Introduction

Paramagnetic resonance provides a means of
studying the Zeeman levels of a paramagnetic system
which may be ionic, atomic, or molecular. The
sample can be in the form of a gas, crystal, or
solution. To be paramagnetic the system must have
one or more electrons which are magnetically
unpaired.

When the sample is placed in an external magnetic
field, the interaction of the electron with the field
causes a splitting of the electronic states. The
interaction of the electron with the nuclear magnetic
moment causes each of these states to be split again
into 2/+1 levels (see figure 1). In practice, the sample
is placed in a resonant microwave cavity in the region
where the microwave magnetic field is perpendicular
to the magnetic field. The

frequency v, is maintained constant and equal to the

external microwave
natural frequency of the cavity while the external
field is varied slowly. When the energy difference
between two levels, for which a transition is allowed,
satisfies the condition |E,—E|=hv,, an absorption of
microwave energy is observed.

The nuclear spin I is indicated by the multiplicity
(2I+1) of the spectrum. The magnetic moment can be
calculated from the spacing of the resonance lines if
wavefunctions for the electrons for the appropriate
atom or ion are available. The ratio of the magnetic
moments of two isotopes can be determined simply
from the relative splitting factors of the respective
resonance patterns. If the nuclear magnetic moment
of one isotope is known from a technique such as
nuclear magnetic resonance, which gives a rather
precise value of the magnetic moment, the moment
of the second isotepe can be determined from the
ratio with greater accuracy than by direct calculation.

A variation of the paramagnetic resonance method
for the determination of g;is the Electron—Nuclear

Double Resonance (ENDOR) experiment described
by Feher [56Fe43] and by Pipkin and Culvahouse
[58Pi43]. In a strong field the ground-state energy
level is split into states specified by m; and m,
Figure 2 represents a typical splitting for a case in
which J=1/2 and I=1. The transition labeled A, (m =
+1/2,m =—1) & (m =—1/2,m =—1), can be induced to
saturation with a strong microwave signal. The
transition labeled B, (+1/2,0) <« (+1/2,—1), can be
induced by an appropriate radic frequency signal,
which then decreases the population of the (+1/2,-1)
state and increases the microwave absorption.
Similarly, the transition labeled C, (-1/2,—1) &
(—1/2,0), can be induced and detected. Since the
difference between pairs of m, transition frequencies
such as these depends only upon the interaction of
the nuclear moment with the external field, the
nuclear g —~value can be calculated directly.

The interaction of the nuclear quadrupole moment
with an inhomogeneous electric field at the nucleus
causes second—order shifts in the levels, from which
the quadrupole coupling constant can be determined.
The evaluation of the quadrupole moment from the
coupling constant depends upon a calculation of the
field inhomogeneity at the nucleus, which may be
uncertain by a few percent. In addition, the nuclear
electric quadrupole moment causes a polarization of
the atomic core electrons (Sternheimer effect) which
can affect the evaluation of the field gradient by tens
of percent.

A very thorough discussion of the method and
theory can be found in a recent book by Abragam
and Bleaney [70Ab20]. Earlier helpful reviews include
those by Low [60L0o05] and Bowers
[55B0o56]. Data on observed g, or splitting factors

and Owen

have been omitted intentionally since these are
characteristic of the lattice as well as the nucleus in
question. Paramagnetic resonance data on crystals
are given by Bowers and Owen [55B056], Orton

[590r36] and Konig [66K025].

The last systematic literature
information included in the table was in early 1971.

search for
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FIGURE 1. Schematic Zeeman energy level diagram for a state with J=1/2, I=2. The applied
magnetic field H increases to the right. The spectrum for the hyperfine components
of an m,;=+1/2 <>—1/2 transition is shown below.

mI=0 mJ=+4/2

ENERGY —»

A

mI=-4

mI=0 mg = -4i/2

mx=+4

FIGURE 2. Schematic diagram of the energy levels and transitions involved in a typical
ENDOR experiment. Transition A (Am,==+1) is saturated by an intense micro-
wave signal. The application of an rf field makes possible the observation of transi-
tions B and C (Am;==1), from which g, may be determined.
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Explanation of Table B

Nucleus Chemical symbol with Z— and A—numbers

Ty Half-life of radioactive nucleus

I Nuclear spin, in units of h/27

u Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. See

Policies, Diamagnetic corrections, for factors used

Q Nuclear electric quadrupole moment, in barns, as given by the experimenter
Values marked by an asterisk, *, indicate that the experimenter has made some polarization or
Sternheimer correction in computing the moment.

Refer. Reference key

Ratio of the magnetic moments of the indicated pair of nuclei as determined by the relative
spread of the resonance pattern or by the ratio of the magnetic interaction constants
Values marked with an ‘e’ are determined from the g—values.

Valence and  The valence of the paramagnetic ion and the chemical formula of the crystal used
Lattice For diluted crystals, the chemical symbol of the element which is replaced by the element
under study is italicized. The number of waters of crystallization is represented by the
italicized number following the dot.
Example: ZnK,(S0,),*6 for *Co indicates that a small fraction of the Zn atoms are replaced
by %Co atoms.
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Table B: Nuclear Moments by Paramagnetic Resonance
Nucleus | T, 1 I 0 Refer. w'in? Valence and
Lattice
H 56W46 | Av(’S,,)=1420.40580 6
MHz
PN +0.014° 65Ev09 N impurity in diamond
¥N +0.057 to | 65Lol2 N impurity in diamond
0.011%
tDepends upon choice of g, the field gradient at
the nucleus
0 —-0.026* 3 | 57K27 Atomic O
e -0.0205° | 62Ko22
0 -0.0256+°5| 68Scl8 | a=-219.61 SMHz 3P, state
(65Ha35) | b=-10.438 30MHz
a=4.738 36MHz *p state
b=5.199 90MHz atomic O gas
o) -0.025*°3 | 69Gol2 ‘ atomic O gas
(65Ha35)
s O -0.0263+° | 69Ke07 atomic 7O gas
(65Ha35)
20 —0.02578%°| 69Sc34
(65Ha35)
o F 61Ral4 | Av(’P,,)=4020.01 2MHz
1iMg 5/2 5TW13 MgO, irradiated
3:p 1/2 54F41 P doped Si
5P *1.133% 1 69Sell (PO )% or (PO Y™
natural CaCOj, crystal
32p 14d 1 -0.2523% 3 57F32 P in Si plates
g 3/2F 65Lu06 1+ S doped Si
T 5/2 61Gal6 3+ Y'Ti,80,),
4Ti 5/2 62Mc05 3+ Al acetylacetonate
AITi 5/2 62Wa03 3+ TiCl,
3T 68L005 | *7/,4=1.400 ! 3+ CaF,
OTi 7/2 61Gal6 3+ YTiyS0y),
T4 7/2 62Mc05 3+ Al acetylacetonate
35Ti 772 62Wa03 3+ TiCl,
;gV 330d 7/2° +4.5P 57TW17 4+ V-—cupferron chelate
V. |>40ly | 6 +3.34 1 52B63 0/.,=0.651 2 2+ K Fe(CN)¢ 3
SV |>40)y | 6 +3.346 8 53K41 9,,=0.6501 14 2+ Zn(NH),(80,),* 6
3V 7/2 51B43 2+ Zn(NH,)x(S0p,* 6
Y 7/2 52B63 2+ K Fe(CN)g 3
SiCr 3/2 +0.58 52B66 3+ K,Co(CN)g
siCr +0.475 57150 3+ MgO
S3Cr -0.03%4 61Te01 3+ 4l,0,
tMagnitude and even sign may be wrong, from
comparison of hyperfine fields and electric field
gradients for impurities in corundum [63Lal6]
$icr <+0.05% | 64Ar23 3+ AlLO,
~0.024°
s3Cr -0.4735%1 4 67W 004 3+ MgO at 4.2°K
tIncludes estimated paramagnetic correction
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Table B: Nuclear Moments by Paramagnetic Resonance — Continued
Nucleus | Ty, 1 I Q Refer. w'in® Valence and
Lattice
3Mn [5.7d 6 *2.97 IS 61Je0d | **/;=0.86 4 2+ La,Mg,(NOy) ,» 24
5:Mn | 2My 772 +5.018 7 56D45 ) s=1.455 2 2+ powdered SrCl,
SeMn  |290d 3 +3.28 6 61Je04 #/5=0.952 18 2+ La,Mg,(NO,),» 24
5eMn 5/2 51B30 2+ ZnSiF 6
SeMn +3.469% 6 60Lu02 1- Mnin Si
ysMn +0.20 4 60Scl7 3+ K,CrO, crystal
5eMn +3.4 651k01 2+ Mn doped BaTiO,
3 Mn +3.4486 15 67Dy02 2+ MgO at 4.2°K
5eMn +3.444F ¢ 67Es04 2+ MgO
3:Mn +3.4502%23 67Mi04 | y/27=10.500 7 2+ CaWO0,, Ca0, ZnS
kHz/gauss
seFe 1/2 57G16 3+ FeCl, and Borax
SeFe 1/2 58164 Fe doped Si
SiFe +0.0905% 7 60Lu02 0  Fe doped Si
>iFe +0.09042F 7 65Loll 3+ Fe,0, diffused in MgO
3iFe +0.09054F 15 70Cal5 3+ natural Fe impurity
in CaO
¢Co  |77d 4 +3.822 IS 56B69 1.9=0.828 3 2+ ZnK,(SO,),e 6
¥Co |77d 4 +3.831 12 56106 ) 6=1.205 2 2+ ZnK4«S0,),* 6
37Co  |270d /2 +4.62 4 56B6S 14=1.00 I 2+ ZnK,S80,), 6
3%Co  |71d 1,2? +4.032 14 57D38 58).4=0.8734 24 2+ ZnK,(80 ), 6
%) 0=1.0645 20
37Co 7/2 51B38 2+ Zn(NH,),(S0,),* 6
2%Co  |5.3y 5 +3.781 11 56D08 “}.,=0.8191 16 2+ Zn(NH,),(SO,),* 6
%%Co 5.3y +3.787 18 57D38 ) 0=1.0645 20 2+ ZnK,80,),* 6
2aNi 3/2 58W 52 Ni, As doped Ge
NI +0.9° 62Bel5 2+ Ni doped Ge
Ni doped MgO
81N +0.748% 7 63L005 2+ ALO,
:gCu +0.11 51A28 2+  Tutton salts
%3Cu -0.16 3 55B21 2+  La,Mgy(NO,)* 24
55Cu 63B127 | A4%/4%=0.933559% 7 3+ 41,0,
33Cu 68Ma22 | /,=0.9328 8 2+  Mg(C,H,0,,
$5Cu -0.15 2 69Ri07 2+  ZnWO,
$5Cu £0.11 51A28 2+  Tutton salts
$sCu -0.15 3 55B21 2+ La,Mg,(NO,) - 24
2:Cu 67Ga03 ®/a=1.063 2 2+ doped ZnWO, crystal
$5Cu 0.14 2 69Ri07 2+ ZnWO,
15As 3/2 54F41 As doped Si
isAs |26.5h | 207) | -0.903 5 58P43 6),s=—0.6293 4 As doped Si
§7Sr 9/2 +0.154 65Cu05 n irradiated SrO crystal
2iNb +6.17 16 69Kil9 4+ CaWO,
ISMo 5/2 56004 5+  K,y(InClge 2
$:Mo 5/2 56004 5+  Ky(InCly)e 2
iTc |210ky | 9/2 58L62 4+ K,PICl, crystal
S’Ru 5/2 52G19 0 =109 3 3+ Co(NH,),Cl,
$3Ru 68Ya06 | '0',=1.12 3+ Ti0,4.2°K)
1 Ru 5/2 52G19 3+ Co(NH,),Cl,
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Table B: Nuclear Moments by Paramagnetic Resonance — Continued
Nucleus T, 1 n Q Refer. wlint Valence and
Lattice
»°"Ag|253d 6 +3.55% 4 66Ea01 ‘ 2+ [(iso—C,H,),NCS,]Ag
tIncludes A(hfs anomaly) correction=(3.7 10)%
36°Sn 67Su06 | '/, ,=1.046 2 3+ Sndoped ZnS
$2'Sh +3.3600F 17 58E03 2} ,,=1.31437 6 Sb doped Si
52%Sb |2.8d 2 -1.904% 20 58P45 22 n=—0.5678 4 Sb doped Si
L1233b +2.5484 10 S8E03 Sb doped Si
ss'Ce 133d 72 +0.89 9 57K13 3+ La,Mgy(NOy),» 24
salCe |33d +1.18° 12 62Li06
se'Ce 133d +0.968° 30 63BI125
Pr 5/2 51D28 3+ PrCle 7
13'Pr 5/2 +3.94 20 58B35 3+  Y(C,H 50,),* 9
'Pr 5/2 *4.6 58Hul7 3+ LaCl,
wipr +4.0° 62Frl4
sa'Pr £5.1°3 62Li06
(58B35)
ol 2% +4.24° 10 63BI125
io3Nd 772 +1.04 +<1 55B151 19 s==1.6083 12 3+ La(C,H;80,),* 9
+6°Nd 7/2 57K13 43 w=*1.614 2 3+ La,Mg,(NO,),,» 24
¢6°Nd 7/2 +1.1 58Hul7 3+ LaCl,
13Nd +0.99° 62Frl4
3Nd -1.086% 60 +0.0206 30 | 62Ha29 3+ LaCl
eo Nd *1.24° 20 62Li06
(55BI51)
13Nd *1.10 10 66Er08 | '/ ,=1.60892 10 3+ LaCl,at 14,4K;H =0
=1.60886 29 3+  La(C,HS80,),9 at 4°K;
010" =—11.45 65 H =0
tSome confusion of signs in paper
1o"Nd 772 *0.64 +<1 55B151 3+ La(C,HS0,),*9
TaiNd 712 +0.7 58Hul7 3+ LaCl,
s4°Nd +0.675% 40 +0.0105 20 | 62Ha29 | "/ ,,=+1.60883 4 3+ LaCl
010" =+1.96 2
co°Nd +0.77° 20 62Li06
(55BI51)
LeNd +0.68 7 66Er08 3+ LaCl;H =0
3+  La(C,HS0,),+9; H =0
La7Nd |11d 5/2 +0.56 6 57K13 8 =%1.844 2 3+ La,Mgy(NO,) 24
e’ Nd [11d *0.589 30 62Ha29 | ('**/,,=1.844 2)
13INd [11d +0.67°7 62Li06
Pm |2.6y 172 +3.0 3 615118 3+  La(C,HS0,),9
s 'Pm [2.6y +£2.55°6 63B125
+3'Sm 712 52B21 M) =%1.222 8 3+ La(C,H S0,);*9
13'Sm +0.83 15 £<0.7 55BI51 3+ La(C,HS0,),*9
¢ Sm 7/2 +0.86 58Hul7 3+ LaCl,
es'SM +0.85° 62Fr14
s’Sm +£1.04° 18 62Li06
(55BI51)
147Sm +0.812° 22 63BI25
0’Sm 7/2 52B21 3+ La(C,H,50,),*9
43 Sm +0.68 10 £<0.7 55BI51 .| 3+ LaC,H S0),*9
2’Sm 72 *0.75 58Hul7 3+ LaCl,

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976



NUCLEAR SPINS AND MOMENTS

Table B: Nuclear Moments by Paramagnetic Resonance — Continued

875

Nucleus | T,, I u Q Refer. wliu? Valence and
Lattice
0:°Sm +0.85° 15 62Li06
(55BI51)
°Sm +0.656° 18 63B125
&3 'Eu 5/2 55B16 Bl =224 3 2+  SrS phosphor
15K 57A05 15l) a=22.264 6 2+ KCl powder
&3 Eu 5/2 57M19 Bl sa=+2.24 2+ SrSEu
'Eu +3.465% 2 62Bal2 | "'/ .=2.2632" 26 2+ CaF,
18/ 163=2.25313 15
&5 Eu 69Ab12 | '/ .=2.263 I4 2+ ThO,at <77°K
0"*10"*=0.391 8
'Eu +3.4681F 2 70Ki13 131/ 53=2.266% 5 2+ CaWo,
A¥A=2.2533 3
0"'10"=0.39198 12
tSpherical average; g ;anisotropic.
Note: Assuming a linear dependence of g
and g ;on Q7 the spherical average
quadrupole coupling, they get
£=2.0027 and u ., =3.454
at 0o=0.
¢3’Eu |13y 3 *1.93 2 57A05 1% 51=+0.5574 60 2+ KCl powder
¢3’Eu [13y 3 +1.96 2 57M19 Bl e=21.77 2 2+  SrS-Eu
+3°Eu 5/2 +1.55 2 55B16 ¥l 65=2.24 3 2+  SrS phosphor
3 *Eu +1.531% 2 62Bal2 2+ CaF,
;gaEu +1.531£F 3 70Kil3 $Spherical average; g ;anisotropic.
e 'Eu |16y 3 +2.000 6 57A05 1%/ sa=%1.308 4 2+ KCl powder
6a°Gd 3/2 +0.23 2 561.29 1550 5=20.75 7 3+  Bi,Mg,(NO,) *24
sGd 3/2 +0.240 4 5TM55 | °/,,=+0.736 12 3+  SrS-"*Gd
oGd 59L63 139 s1=+0.7495 45 3+ ThO,Gd
°Gd 60Hel7 | 5/ .=+0.763 6 3+ CaWo,
55Gd +0.28°4 63BI25
s Gd -0.254 3 65Huld | ("*/,,,=0.7495 45) 3+ ThO,
1°Gd 67Ma56 | '*%/,..=0.7628 8 3+ ThO, crystal
si°Gd 68Mad8 | %/,,=0.7624 10 3+ CaCo,
55Gd -0.2585% 6 69Bals | '%%/,..=0.7633F 45 3+ CeO,crystal
A™IAYT=0.7621 5
5Gd 70Ra42 | Q'*10""'=0.94 1 3+ YPO,crystal
sGd 3/2 +0.306% 56L.29 BEu/'Gd=211.3 3+  Bi,Mg,(NO,),*24
$Used (™' Eu),,comecca=3.440 1
o’cd 3/2 +0.327¢ I 57M55 BlEu/¥Gd=+10.60 3 | 3+ SrS-*'Gd
$Used p(™'Eu), . omectea=3.440 1
s'Gd +0.38°5 63B125
es Gd -0.339% 3 65Hul4 3+ ThO,crystal
ea'Gd -0.3381% 6 69Bal5 3+  CeO,crystal
-0.3395% 6 3+ ThO,
2Mb [ >30y [3/21 | =201 68Ea04 3+  Y(C,H;50,),9
158Tp | 150y 3 +1.753 7 +2.75 68Ea04 3+  Y(C,HS0,),9
13Th 3/2 +1.52 8 58B35 3+ Y(C,H 50,49
& Tb 3/2 *1.5 58Hul7 3+ LaCl,
o°Tb +1.90° 62Li06
(58B35)
&°Tb +1.90°5 63BI125
e Tb +1.6 2 63L007 Used <r *>of Lindgren | 3+ CaF,
e Th +2.008% 4 65Ba49 4+ ThO,
OTh |72d +1.697 8 +3.05 68Ea04 3+  Y(C,H 50,),9

J. Phys. Chem. Ref. Data, Vol. 5, No. 4, 1976



876

GLADYS H. FULLER

Table B: Nuclear Moments by Paramagnetic Resonance — Continued

Nucleus | T, I I Q Refer. wlipt Valence and
Lattice
ey 5/2 -?0.37 4 +?1.14 58P11 9 e=—1.39 2 3+ LaMg,(NO,),*24
0'®10"'=+1.18 I5
Dy £0.46° 5 62Li06
ie'Dy +0.455° 10 +1.35°30 | 63BI25
eny —-20.46° 4 650£03 3+  La,Mgy(NO,) 24
ipy -0.472° 12 68Mu01
i’Dy 5/2 +?0.51 6 +71.3 4 58P11 3+  La,Mgy(NO,),,* 24
iy +0.65° 8 62Li06
Dy +0.635° 14 +1.62°40 | 63BI2S
+°Ho 772 +3.31 17 +0.77 58B35 3+ Y(C,H;S0,),9
1%°Ho 7/2 +3.4 58Hul? 3+ LaCl,
1%*Ho +3.5° 62Frl4
+5Ho +4.1° 62Li06
(58B35)
& °Ho +4.03° 15 63B125
e Er 772 51B09 3+  La(C,H S0,),*9
WEr +0.48 +9.4 55B151 3+ La(C,H,S0,),*9
Er 7/2 +0.11 58Hul7 3+ LaCl,
s Er 4% 58Mu08
o Er +0.50° 62Fr14
e 7Er +0.58° 62Li06
(55BI51)
TEr +0.563°6 63BI125
Er +0.56 5 63Ra24 3+ CaF,crystal
STEr +0.56 65Ab01 3+ Er,0,doped
ThO, crystal
\SEr +3.04 66Be25 | u/Q<0 3+ M;gO
eTm 1/2 +0.24 1 61Ha37 3+ Tm doped CaF,
e Tm 1/2 +0.23 2 63L0o07 | Used <r™*>of Lindgren | 2+ CaF,
19°Tm +0.2361%3 65Be34 2+ CaF,
tg jcorrected for admixture of I'y—excited
state to [';—ground state
1Yb 1/2 *0.43 5 56C21 ) m=%1.39 1 3+ Y(CH,CO00),¢
3'Yb 1/2 +0.415 60Lo01 | '/,;,=1.3749 50 3+  CaF,; site I
1Yp +0.52°6 62Li06
(56C21)
b +0.52 5 63L007, | Used <r*>of Lindgren | 3+ CaF,; site Il
62L.008
13\ Yb +0.50 65Ab01 3+ Yb doped ThO,
7o' Yb 69Bal0 | A'™j4'™=-3.6302% 4 3+ CaF,
17%Yb 5/2 +0.60 5 56C21 3+ Y(CH,CO0),
1Yb 5/2 +0.57 5 601001 3+ CaF,; site I
13%Yb +0.63° 62Frl4
1°Yb +0.72°7 62Li6
(56C21)
13Yh +0.70 5 +2.6 2 63Lo07, | '/,;;=1.362 3+  CaF,; site 11
62L008 | Used <r *>of Lindgren
10Yb +0.68 65Ab01 | ',,,=1.378 3 3+ Yb doped ThO,
HE) 66Ti0d | '/,,=1.383 8 3+ (Yb+P) doped ZnTe
133%Yb 68Re06 | '™/,,,=1.378 2 3+ SrCl,
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Table B: Nuclear Moments by Paramagnetic Resonanece — Continued

Nucleus | Ty, I 9 Q Refer. wlip? Valence and
Lattice
1 +0.147% 8 69Dall | '/ ,5,=0.9165 3 4+ (NH,),PtCl, at 4°K
54 B 70Sull | **/,4,=0.936 26 4+ IrCl,in MgO at 77°K,
irradiated
M +0.163% 6 69Dall | 0**Q"'=+0.92 9 4+ (NH,),PiClgat 4°K
197Au +0.1453% 4 60W 002 0  (Cr,Au) doped Si
2'Pa | 34ky 3/2 60Kyl 4+ PaCl,in Cs,ZrClg
3lpa |34ky 3/2 +1.98% 2 61Ax1 4+ Cs,ZrCl, crystal
233U |162ky | 5/2 +0.54 *£3.57 57D40 5] 43=%0.651 2 3+ LaCl,
QZSS/Q233=11_17 20
pw/Q=+0.152 I5
230 |710My | 772 +0.38 or 56H26 3+ LaCl,
+0.31
235U |710My +?0.35 -?3.88 568129 3+ LaCl,and **UCl,
2350 [710My +0.35 =4.1 57D40 25/ 133=0.651 2 3+ LaCl,
33Np |2.1My | 502 £6.0 25 54B73 (NpO,™
UO,Rb(NO,),
23"Np |2.1My +2.70% 60Hul4 tUsed <r>=50x10"cm™ UF,; NpF,
33Np |2.1My +3.2°9 or 65Ei05 Rb(NpO,)NO,),
+2.6°t 7 tUsing <r *>=50x10"*cm
2"Np {2.1My +2.14 69Lell (NpO ¥
BIP<0 Cs,U0,Cl, at 4°K
296 AIP<0 Cs,UO (NO,), at 4°K
23Np (2.3d >1/2 58A18 (NpO,*
UO,Rb(NO,),
2*%Pu | 24ky 1/2 £0.4 2 54B72 B =13.53 2 (Pu0,)*
UO,Rb(NO,),
:°Pu | 24ky 1/2 58A18 (PuO )™
UO,Rb(NO,),
2%Pu | 24ky 70K032 | ™/,,=3.590% 10 3+ CaF,
2'Pu |13y 5/2 *1.46 51B72 (Pu0,)*
UO,Rb(NO,),
5¢'Am | 460y 5/2 68Ed01 | **'/,,,=1.0088 15 2+ CaF, crystal
67Ea04
241Am | 460y 70Ab03 | *'/,,=1.008 | 2+ SrCl, crystal
243Cm | 28y 5/2 ~=0.40% 73Ab03 | /,,=0.79 I 3+  S:Cl, crystal at liquid
2"3/24.,=1.105 8 He temperatures
1Using u(wAm) of 66Ar04. Not corrected for
differences in <r*> between Am?" and Cm®*.
245Cm | 8.26ky | 7/2 +0.5% ] 70Ab03 | 3+ SrCl,crystal
$Using u(**'Am) of 66Ar04
27Cm | 15.4My | 9/2 ~+0.36% 73Ab03 | */,.=1.411 | 3+  SrCl,crystal
$Using u(**'Am) of 66Ar04
3*Es | 20.5d 712 +3.62 50 T1Ed04 2+  CaF,; cubic sites
70Ed02

* Polarization or Sternheimer correction inciuded

¢ Recalculation of earlier data

E ENDOR (electron—nuclear double resonance) experiment

™ Metastable or excited state

? Preliminary value from meeting abstract, thesis, private communication, etc.
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Table C: Nuclear Moments
by Microwave Spectroscopy

Introduction

The technique of microwave spectroscopy is used
in the study of the pure rotational spectrum of gas
molecules which usually are in the ground electronic
state. The rotational states are split by the interaction
of the nuclear electric quadrupole moment with the
nonuniform molecular electric field at the nucleus.

One can infer the nuclear spin from the number,
relative spacing, and relative intensities of the
absorption lines observed in the microwave region.
The spacing of the lines enables one to calculate the
from which the
electric quadrupole moment can be determined. In
view of the difficulties associated with calculating the

quadrupole coupling constant,

electric field inhomogeneity and the effect of the
polarization of the atomic electron core (Sternheimer

effect), values of

moment are subject to appreciable uncertainties. No

the computed the quadrupole
attempt has been made here to evaluate these uncer-
tainties.

If the substance being studied is placed in an
external magnetic field, the rotational magnetic
moments and the nuclear magnetic moment interact .
with this field giving rise to a Zeeman splitting in the
spectrum from which u can be determined.

Detailed discussions of the technique can be found
in Microwave Spectroscopy, W. Gordy, W. V.
Smith, and R. F. Trambarulo [53Go38] and
Microwave Spectroscopy, C. H. Townes and A. L.
Schawlow [55T031]. Some of the more
techniques and applications as well as general theory
are described in Microwave Molecular Spectroscopy
by W. Gordy and R. L. Cook [70G050].

The last search  for
information included in the table was in early 1971.

recent

systematic literature

Explanation of Table C

Nucleus Chemical symbol with Z— and A—numbers

I Nuclear spin, in units of h/27

m Nuclear magnetic dipole moment, in nuclear magnetons, given with diamagnetic correction. See

Policies, Diamagnetic corrections, for factors used

0 Nuclear electric quadrupole moment, in barns, as given by the experimenter
Values marked by an asterisk, *, indicate that the experimenter has made some polarization or
Sternheimer correction in computing the moment.

Refer. Reference key

eqQ ratio  Ratio of the electric quadrupole coupling constants for the two nuclei indicated

eqQ Electric quadrupole coupling constant in MHz
When the quantity is enclosed in parentheses, ( ), the value has not been measured by the author
quoted, but has been used by him to calculate the value of Q.

Compound Compound used
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Table C: Nuclear Moments by Microwave Spectroscopy

Nucleus | I I Q Refer. eq(Q ratio eqQ Compound
1°g 3 ~+0.06 50G10 0 ,=+2.17 +3.36 10 BH,"CO
B 3 50W03 +3.44 | H,'°BCO
.'B 3/2 ~+0.03 50G10 +1.55 8 BH,"“CO
*N 1 46C10 +10 NH,

N 1 +0.02 48T10 -3.63 10 CICN
N +0.01 50851 -7.07 NF,
1N +0.0071°¢ 55B54 (+4.58 5) HCN
N +0.016° 7 60Li10 eqQ=-1.7 NO
eq' Q=22
N +0.0094° 61Ka31 (-4.10) ND,
e} 5/2 52G26 -1.327 "orc?s
.0 5/2 52M26 %00
s 0 -0.026 9 57593 -8.11 HDO
2o 0¢ <0.004 48T10 <1 0CSs
20 0" 51M20 %0%0; "0,
o F 1/2¢ <0.0003 49G28 <0.5 PF,
28si 0¢ 49T09 SiH,Cl
2%Si 1/2¢ <0.0001 53W 39 <0.05 SiD,F
3esi 0¢ 49T09 SiH,Cl
sip 1/2¢ 49G28 PF,
s 3/2 -0.05*3 48T13 -2857 0oCs
) 3/2 +0.634 10 52E07 -29.07 1 “0"*C*s
s —0.06* 53B92 +40 H,S
3233 -0.058 10 54B40 Several
333 -0.056° 62Ko022
(54B40)
Hg 0+ <0.002 48T10 <1 0oCSs
s 3/2 +0.06%$ 51W11 | */. negative +20.5 2 ocs
s +1.00 or 54B05 +21.90 4 0Cs
-1.07 4
35 +0.045+ 10 | 54B40 | (*/,,=—0.695) Several
s 0¢ <0.01 49L.21 <5 ocs
el | 352 -0.077 48T10 Several
49T17

¢l 49G25 3/ 7=+1.2704 4 -145.94 26 FCl
31 50556 3/457=+1.2768 40 -103.60 IS BrCl
{0 51G06 314=1.2670 5 GeH,Cl

¥),=+1.2682 6 CICN

%) ,,=+1.2691 3 CH,CI
#c | 2 -0.01724 | 49T10 BCIMCMN
¥a | 2 -0.0168 1 51J21 -15.87 9 CH,CI
Hwer | o2 ~-0.0164 8 | 52G04 -15.6 6 CH,*cl
a1 | 2 +1.318 55A23 g*1g*=+1.20 7 -15.83 20 CH,*C1
H{o I 1)) -0.061 48T10 ~65.7 5 CI®CHN
el 49G25 -114.92 26 FCl
Mo | 5/2 +0.5573% 54]16 +16.8 MnO,F
$3Ca 70Ho23 | ®/,,=1.5871 10 ~-107.07 8 “GaF
1Ga 70Ho023 -67.46 8 "GaF
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Table C: Nuclear Moments by Microwave Spectroscopy — Continued

Nucleus | [ " 0 Refer. eqQ ratio eqQ Compound
19Ge | 0¢ <0.007 49T09 GeH,Cl
*Ge | 0¢ <0.007 49T09 GeH,Cl
3Ge | 972 -0.21 10 49T09 -95 3 GeH,Cl
3Ge ©o]-0.21° 62Ko022

(49T09)
5Ge | 0¢ <0.007 49T09 GeH,Cl
%Ge | O¢ <0.007 49T09 GeH,Cl
5As | 3/2 48D08 —-235 AsF,
WSe | 0¢ 49507 <0.5 0CSe
1%Se | 0¢ <0.002 50G05 0CSe
38e | 52 +1.12 55A06 B p=+1.25783 62 +946.0 0C™Se
1eSe | 0¢ 49507 <0.5 0CSe
¥Se | 0¢ <0.002 50605 OCSe
3iSe | 1j2¢ 49507 <0.5 0CSe
1Se | 1/2¢ <0.002 50G05 <1.0 0CSe
%Se | 0¢ 49507 <0.5 0CSe
8e | 0¢ <0.002 50G05 0CSe
%Se | 742 -1.018 IS | +0.7 2 53H50 +752.09 5 0CSe
19Se +0.9% 2 54B40 (752.09) 0CSe
1%Se +0.8° 62K022
(54B40)

3Se | 0¢ 49507 <0.5 0CSe
8%8e | 0¢ <0.002 50G05 0OCSe
828e | o¢ 49507 <0.5 0CSe
225e | o¢ <0.002 50G05 0CSe
Br +0.28 48G25 ) q=+1.197 +686.0 BrCN

+0.24 ' ) q=+1.197 +577.0 CH,Br
¥Br | 32 +0.28 48T10 +686.5 5 BrCN
3aBr 50856 ®a=+1.1963 14 +876.8 9 BrCl
13Br +0.31 51G37 Several
1eBr 54R43 ®g=+1.1971112 PBr,
$iBr +0.23 48G25 ®f=1.197 +573.0 BrCN

+0.19 +482.0 CH,Br
SsBr | 3/2 +0.23 48T10 +573.5 5 BrCN
$iBr 50856 +732.9 5 BrCl
:;Br +0.26 51G37 Several
1¥In 70Ho23 | '%/,,=1.0139 4 SInF
2218h | 572 51L24 12l e=+0.791 ~455 SbH,D
22ish -0.8*} 55130 121/ 5,=0.784 2 458.7 8 SbH,

465.4 8 SbD,
3238 | 742 51124 -575 SbH,D
1233p -1.0} 55130 586.0 8 SbH,
592.8 8 ShD,

125 5/2 +3.0 10 ~0.89" 58F39 ) 0=1.127 -2179 I CH,™I
127 5/2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>